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Objective |.

Determine how ~ompui2r driven disviays can besi support

the pis ~ing and coantrol of tuctical opzrations.

Objective 2. cvaluate proposed rejulrements statemeni under operational
conditions and rceommend changes as appropriate.

hicctive 3., Ivaluate the cultability of candidate computer driven dis-
play tecnnolocical approaches to meet proposed requirements criferia.

apTp——y

Three automaind display systems were evaluated. Fach system differed. in the
tachnology used to rear project dynamic symboiogy (military unit symbols,

i 2iphanumerics, and graphics) onto & large screen. The systems had similor

t  hardwara conflourations. Tha operation of cach was con:.rolled by a mini- i

1 o s 4 €
s computer which procassed displayable data and caused the appropriate cymbofi:
Yo be displayed on the large screen and <n a cathode-ray tube (CRT) display
~onsole. fLach system displaved map Lackgiountds and formats on the lorge :
<ctzen by means of slides. Each system also included a CRT display consule E
shd o number of other devices for the input or output of data. ’
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iBCS:  AUTUMATED DISPLAYS
Test fwumber FMILEG

PART ONEL - SUMMARY AND EVALUAYION
CHAPTER | - Summary

I=i. fureose‘

a. The automated displays experimentaticn program examined three
candidate automated display technologies to evaluate system technical
requirements and to ascertain how automated display systems can best
support the planning and control of tactica! operations. This general
purrose wua translated into rhree objectives:

{{) Objective |. Determine how computer driven dispieys can best
support the planning and control of tectical oprrations.

(2) Objective 2. Evaluate groposed reguirements s*atement unde
operational conditions and recommend changes as appropriate.

{3) Objective 3. Evaluate the suitability of candidate compu...
driven display technologicai approaches to meet proposed requirements
zriteria.

b. Completion ot objectiveg | provided a baseline against which the
iindings in objectives 2 and 3 could be referenced., Ol jective 2 focused
o evaluating, refining, detcrmining, ang stating technical performance
requiremants for agtomated displey systems thay are envisioned for use
Ly ine operations and infel:ijence staft sections in division tactical
opei ations centers {DT0CYsi, The display requirements that were zvalu-
ated are listed in the mater el need (MN} document for the tactical
ope ~ations system (70S). Gbjective 3 was achieved by assessina the
performance of the three candidate automated display systems against the
requirements stated in objective 2.

i-7. Description of Experimentation.

a. Syster description. Three automated display systems were
evaluated. Cach system differed in the fechnology used to rear nr-joct
dynamic symbclogy (miiitary unit symbois, alphanumerics, and graphics)
onto a farye screen. The systems had < imetear hardware contfiqurations.
The uperatica of erch sos vonfrolind hy a minicomputer which processed
sisptayable data and cauvsed the aporopriate symbols to be dispiayed on
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the large screen and on a cathode-ray tube (CRT) display console. Each
system dispiaved map backgrounds and formats on the large screen by
means of slides. Each system aisc included a CRT display console (two
consoles with the scribe system) and a number of other devices for the
input or output of data.

{1} The scrive cystem used commercial hardware components and was
developed by the -.rthrop Corporation. Dynamic symbology for projection
onto a 5-foot by S-foot screen was computer generated and mechanically
etched cn a metal coated glass slide by one of two scribing projectors.
Two reference projectors displayed map packgrounds, and a spotting
projector displayed a marking cursor. Each of the five projectors was
capable of displaying symbols in ore of six colors: red, green, blue,
orange, veliow, or white.

(2} The CRT system used commercial hardware compinents and was
developed by the General Dynamics Corporation. The system used two
cathode ray tube projectors (one red and one green) to dispiay dynamic
symbolegy on a 5-foot by 5-foot screen. Hap backgrounds which were on
35-miilimeter s!ides were projected onto the stieen by a carousei projector.

(3) The photochromic system was a militarized system that was
developed for the United States Army Materiel Command - Efectronics
Command (USAMC-ECOM) by the Singer Librascope Cerporation, An ultra-
violet laser provided a beam of high energy which was posiiioned dy
deflection mirrors 10 form the dynamic symbois on heat senzitive photo-
chromic film. Tihe generated symbols were illuminated by a :tanon projec-
tor lamp and projected in blue onto a 6-foot by 4 {/2-fut screen. A
second {b!ve-green) laser was used to display a marking cursor.

b. Test methodology. A brief description of how each experimen-
tation objective was accomplished follows:

(1) Objective | - Determine how computer driven displays can besi
support the pianning and control of tactical operations. MASSTER test
reports, studies, field manuals, and other documents were researched in
order to identify in general terms thuse tactical operations center
(TUC) activities that used displays and to determine what thoze displays
were. Based on this researca, a questionnaire was designed and distrib-
uted to representative user personnel in units at Fort Hood. The replies
were used to identify the informaticn display requirements of those TOC
activities which used displays. The net result of this entire ef*ort
was thr identification of puientiai automated display users and their
current {manual) dispiay requirements.

(2) Objective 2 - Evaluate proposed requirements statement under
operational conditions and recommend changes as appropriate. An evaiua-
tion of the data yathered during the experiment was used tc identify and
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qualify the performance requirements for automated displav sysiems. Tie
following factors were considered in the evaluation:

(a) The group display device and analysis console component char-
acteristics stated in the MN {er TS,

(b) The current (manuail) display regquirements derived by completing
objective 1.

{c) Dats collected during the 2-week command post exercise (CPX)
portion of the experiment.

(d) Component performance daia ccllected during the performance
testing portinn of the experiment.

{e) Special cvaluatnyr commonts, y
(f) Data obtained from research of display sy.iem literature.

(3) Objective 3 - Evaluate the suitability of candidote computern
driven display technologicai approaches to meet proposed requirements
criteria. Parformance data collected during the performance testing
portion of the experiment was evaluated against ihe requirements derived
from objective 2.

(4) Each of the three experimentation objectives was subdivided
into subobjectives. Analysis of the subobjectives led to the identifi-
cation cf essential elements of analysis (EEA's) which asked the basic
quesiions. Related EEA's which could best be answered together were
grouped into discrete tasks called work segments. Each work segment was
1 complete package. The packages included detailed procedures for data
coliection, appropriate system inputs, data collection forms, and data
reduction procedures. Part three of this report contains the subobjec-
{ivec, EEA"s, and work segment descriptions.

(5) Tdwenty-two work segments were identified. Three of the work
segmenis required the display systems to receive and display data from
the developmental tactical operaticns system (DEVTOS). One of the work
segments was a 2-week CPX during which player personnel used *two displiay
systems (scribe and CRT) to assist in performing G2, G3, and battlefield
information coordination center (BICC) activities in a CPX environment.

(6) Throughout the experimeniation period, special evaluators from
agencies outside of MASSTER observed the portions of the experimentation
which related to thei, ficid of expertise and provided comments that
contributed to both the experimentation and the findings. These age~.ies
inciuded Project Managemeni Dftice, Army Tactical Data Systems; Compuier
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Systems Commang; A«ry Research Institute; Defense Mapping Agency; Army
Materiel Commarnj - Electronics Command; Engineer Topographic Laboratory;

and Combined Arms Combat Developments Activity.

(7) The experimentation was conducted in the Command, Control, and
Communications Directorate workshop area during the period 12 February

1973 to 9 January 1974.

{-3. Findings.
a. Objective I:

Manual display requirements.

A summary of the

findings which pertain fo the identification of potential automated
display users and their current (manual) display requirements follows:

(1) The division, brigade, and battalion TOC activities which use

informetion displays are identified in figure I-1.

Division

Brigade

Battalion

€2 (Operations-Pians)

G2 Air

G2 Intelligence Team
(BiCC) )

G3 (Operations-Plians)

G3 Air

Fire Support Efement
(FSE)

Airspace Control
Element (ACE)

Signal Intelligence
Support Element/
Electronic Warfare
Element (SSE/EWE)

Tactical Air Control
Party (TACP)

Figure {-i.

S2

$2 Intelligence Team
(BICC)

S3

S3 Air

Fire Support Coordin-
ation Center (FSCC)

TACP

S2

S2 intelligence Team
(BICC)

S3

83 Air

FscC

TACP

Activities that use informaticn displays.

(2) The majority of aivision, brigade, and battalion TO(: activ-
ities use displays for rapid access to frequently referenced information

to assist in planning and coordination.
displays to assist in analysis.
updating at least hourly.

{Operations-Plans).
dispiay.

Intelliganze cectivities use
The majority of these auisplays require

The number of required information displays
range from 4 for the division and brigade TACF to 19 for the division G3

The situation map is the most universaliy required




(3) Mwp backgrounds are required for divicion, brigade, and
battalion TOC situation displays. The level of detail found on the
present standard military map Is not required for many of thess dis-
plays. The amount of map detai! required depends on the specific
purpose of the display. OSince maps with lesser detail are not in the
current inventory, the mip meeting the requirements of most TOC users i«
the standard mifitary topographic map.

(4) The prueferred map scale for usc in the divislon, brigade, and
hattalion TOC is !:50,000. At the division ievel TOC, a secondary
preference is the [:100,000 map scale.

(5) The number of colors used for displaying Adyaomic data is
dependent on the requirement o readi'® « distinguish between various
information categories. Survey results from division, brigade and
pattalion TOC users indicate that moct situation displays require throe
culors (usually blue for friendiy, rod for enemy, and black for control
measures). Black Is also used on a contrasting background to depict
letters and numbers on TOC charts. The colors presently used to depict
topographic symbols on the standard tactical map sheets, as discussed in
FM 21-31, ore satisfactory at all TOC leveis,

(6) The brigade and battalion 10C users prefer situation displayz
approximately 4-feet high by 4-feet wide. Division users pretfer a dis-
play approximately 4-feet high by 5-feet wide., Chart or tabular status
displays are approximately 3-feet high by 3~feet wide.

{7} The number of simuitaneous viewers of displays during norma’
operations for the division, brigade, and battalion TOC is approximataty
four. For formal briefings the number of viewers depends on the eche:on;
up to 10 at battalion and up to 20 at brigade and division,

(8) The division, brigade, and battalion TOC's require from one %o
five copies of most overlays. The reproduction time required for the
majority of division TOC overiays is approximately |5 minutes, Survey
respondents indicate *hat a hard copy reproduction of approximately one-
half of the essential division TOC overiays would be desirable for
purposes of reference and dissemination,

b. Oujective 2: Automated dispiay system requirements. The
findirgs for this objective are in two categeries: findings which
relare to automated disp'lay systems in general and findings which state
the soecific technical peﬁformance requirements for the devices of an
automated display system.

(1Y Automsted display systems, general. An automated display
system must integrate hardware, software, and the usexr for whom the
software and hardware are designed. |1 is the user and his mission
accompl ishment which must be supportec.
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(a) Hardware. The MN for TOS identifies the group display device :
(GDD) and the analysis console (AC) as the devices required for display :
and manipulation of data in a TOC. The ¢DD and the AC are controlled by
the TOS central computer. A brief description of the role of each
device is provided below. A discussion of the experimentation findings !
relating to the hardware components of an automated display system :
follows the description.

ok i

S
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i
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1 The GDD has a large screen (4 by 4 foot minimum; 6 by 6 foof
maximum) and is the primary operations and planning display device. The
GDD portrays units, locations, boundaries, and zones or areas on a
tactical map background. The GDD includes the overiay reproducer as a
subcomponent to provide transparent overiays from displays on the GOD
suitable for use with standard Army maps.

¥
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2 The AC provides the man~machine interface between the user and
the system gata base. |t operates as a graphical display similar to the
GOD and as an alphanumeric input-output device. The MN for TOS does not
specify a capability for transfer of displays between the AC and th
GDD.

i

3 Experimentation findings show two basic hardware components are
required for any automated display system used in a division TOC. The
first is a lccal display processor which allows for the receipt, storage,
i retrieval, display, and manipulation of data. The processor also con-

’ trols the operation of the hardware components of the display system.

The funcrions that the processor must perform dictate that it be separate
from the TOS central computer and that it be dedicated solely to the
operation of the display system. i+ is inefficient and impractical to
require the TOS central computer to do the display data processing as
well as controi ali the devices of the system. The problem is com-
pounded when a number of display systems are linked to TOS, thus muiti-
plying the total number of devices to be controlled. The separote display
orocessor is not orly more user responsive, out it alen acts as the
singl!e point of contact for interaction between TOS and the display
system. The display processor aiso facilitates "stand-alone' operation
of the system and provides a built-in continuity of operations (CONOPS)
benefit,
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4 The second basic hardware component of an automated display
i system is the interactive graphic display console. This component is
= the primary user device for the display of, and interaction with, com-
& puter stored data. The conscic features which make this possible are a
cisplay surface dedicated to the presentation of displays for a specific
user; the controls, such as a keyboard, joystick, and light pen with
which the user can recail, create, modify, or delete displays; and a
positive visual feedback on the display surface which aliows the user to
monitoer display manipulation.
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5 An automated display system from a hardware point of view carlain
basic components (2 display processcr and ona or more interactive graph:
di<play conscles) and other hardwaro components (peripheral device ) 3-
required to meet particular ucer needs, [igure -7 shows how hardware
compononis could be cenfigured or a display system supporting one ueor
the division G3. To support an odditional user such as the GZ, the
fiqure would also show dedicated interactive graphir display conszles
tor the G2. Gther peripheral dovices that the 02 requires would be
agded it sharing the use of a peripheral device (such as the printer
for the receipt of messages or the map overlay input dovice for input-
ting overlays to the system! i unsatistactory,

AUTOMATSLH DISFLAY SYSTEM ‘i
GROUP DISPLAY OUTPUT
DEVICE (LARGE SCREEN) ;
MAP OVERLAY
INPUT DEVICE
4 DISPLAY " MAP OVERLAY £3
108 { PROCESSOR QUTPUT DEVICE £
3 .
— raen D
-t Y ALPHANUMERIC
3 63 . \UISPLAY CONSOLE _ ;
33 | INTERACTIVE f :
3 ¥ CRAPHIC "
j DISPLAY 8 .
e CONSOLE(S) . i
; . g . ' -
e L JIT XTI PY ¥
3 = Direction of Data Flow
] s

Figure 1-2. Type hardware configuration

5 6 In figurn 1-7, the interaciive graphic dispiay consoles are the

E primary di-play devies=. The group display output device {large screenl
- i= shown as a peripheral oufput device to be included in the contiguration
;- only whern anticipated usage justifies its inclusion  Control ot dis-

3 piave on the large screan is accompli<hed through an interactive graphic

10
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display consoie. Displays to be viewcd on the large screen are first
composed on the interactlive graphic dispiay console, then transferred to
the iarge scraen. This role of the group dispiay output device was
determined from dgta provided by users and specizl evaluators throughout
the experimentation period and was inifially ldsntiflied from two obser-
vations durling the CPX portioa of the experimentation.

a Durl g the CPX, the primary use of the large screen on toth the
scribe and (RT systems was for briefings. Although situstion displays
were portr syes on the large ssreens whan they were not being used for
briefings, the anaiysis console (editing console in the scribe system)
was where the attent:ion of key players was focused, where displays were

sanipciated, 2ad vhere player reception of and remttion to ircoming data
occurred,

b The G2 and G3 sections farmed a player group and used one
system, whiie another nlayer group {(the BICC) used the other system.
Since each System had only vne usable console (the scribe system had a
second console but its use interferes with the first) and one farge
screen, the G2 and G3 players were forced to share these devices., The
majority of player comments Indizaied that the congole display, aithough
smal ler-, was satlisfaciory 2r.d was preferred over the large screer dis-
play mainly because the player coulg "do" more at the conscle because it
was interactive. “he comments also overwheimingly favored separate,
dadicated consoles for the G2 and G5,

i

7 The group disxlay output device was not found to be an essential
part of division ,evel tactical display systems, Howaver, experimen-
tation find’ngs an not nullify it as a potentially usefu! component of
an automated display system. When current displays on a conscla need to
te viewzd by & {arge number of people during the course of a briefing,

a device which provides for rapic¢ display transfer and has 2 screen
larger than that avzifable on the console may be justified. When the
device is nor being used for briefings, it can be used to display the
currert situation for the benefit of all TOC parscnnel and visitors from
other hesdquorters,

8 The reguivement for & group dispiay output device for a dispiay
system should be based on a cost-banefit analysis. The expected advan-
7ages must be considered against the additional volume, weight, and
complexity imposed on the system. In cach of the three systems eval-
vated, the large screen display componants constituted a major part of
the system's total voiume and weight. Since the display system is
expectad to be housed in a vehicular-mounted shelter, volume and weiaht
considerations wiil impact upon the number of shelters reguired and the
overall systom mobility.
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v The experiwan?af3on tindings .eiating ?o the roies of the inter-

activa graghic display consols and the group display output device
indicate & shitl Tn amphzsis from vizualizing:-the large scresn as the
‘contral, domnant compouent of an autorated display system 1o stressing
that ‘the processor and the interactive conscle form fre haarf of the
dis;iay systen, - ) - R
{b} Software. The xey ?o user accep?ance of an automated display
sysiem {s proper devinition of user requirements. seting the require~
ments is heavlly software deperdent. Suitable hardware is zvaifable or
can ps devaiuped, but what the hardware is ablé¢ 1o do for the user {s
‘zrgaly 2 function of the software {i.e., th® rouiines- that perform the.
dispiay functlons which aid the user in accompilshing his mission).

1 After usar requirements ha-»A veon defined, softwars should
raceive first priority in the developmen! of an automated dispiay
system. This does not mean that initial emphasis is +o be placed on
developing detailed logic flow diagrams. Raether, detalled 3nswers
should be obtained tor the quesiion: "What procedures shouid pe -
designed 1o permit the user to meet his requirdments with maximum ease?".
The answers shouid define the sofiware required. The softwara will
provide vitsl guidance concerning hardware fype and conftgura*!oa‘

2 This approach defines the user’s needs and sdentifies the soft-
ware required to mee" thase nesds before the hardware Is procured. The
logic of this approach is better than the common practice of buying the
hardware and then designiry sofiware Yo it the hardware. Additionally,
software comprisas the bulk of system development cost, and therefore,
should receive priority.

(¢} User. The individuat who will actualiy use the squipment in
the field is the most important element in successful design of an auto-
mated sys“em. The question asked ln subparagiaph (bil above can Lest be
answered by this individuzi. His comments must be actively sollcited by
the nardware and software designers in all stages of system development.
Viclation of this principle could resuit in the fielding of & system
which may be rejected in favor of the current manual operaticn because
I+ does not do what is wanted, is too compiicated to operate, or is
simpiy too cumbersome.

1 An automatsd dispiay system must satisfy different users in a
TOC. “The division G2 and G3 are considered separate users since they
have different information requirements. For example, tho G3 may be
concerned with monitoring the maneuver of friendly units of bLattalion
size and jarger within the division area of operations. The GZ may be
interested In an area different from that of the G3 and may require the
dispiay of particular enemy units and weapons located in his area of
interest. User requirements will dictate tho har ware configuration of
an automated display system.

12
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= Automated display systems have the potential for easing the
user's transition from manual to automated operations, because they
pr.sent displays much like the user now employs. The display of data by
an automated display system is preferable from a user standpoint to
receiving the same data as computer printed copy for subsequent map
posting.

3 The following quote from Parslow, Prowse and Greent is 4n
excelTent discussion of the role of an automated display system and
particulariy the interactive yraphic display console. The application
characteristics cited at the end of the quote are exactly those for an
automated -display system in a tactical operations center!

"Grapghlic data processing provides a common language of
graphlics and alphanumerics between the man and the computer.
A man normally thinks in terms of sketches, drawings, -graphs,
letters, characters, and numbers, A computer operates In
terms. of bits, bytes, and registers. This makes it difficult
for the man fo comr unicate with th: conputer. -in the past,
the burden has been on the man; nameiy, he has had to-convery -
= all of his ideas and thoughts to ietters, numbers, and 2-few_ ]
g special characférs.” The computer, in Tu;u, ‘conversed back
B with the man In the same medium, With the advent of graphic -
§ data processing, the man can work in fhe:ﬁeajumjhg,undersfgnds L
B best; the computer can ccntinue fo work In-the medium it
understands best, with the graphic dispiay consdle acting-
£ as an lnferpre.er betwean the two. This new dimension In
E man/machine communication has proved 1o he of valje In )
H applications where: Graphic représentatton,fs of assistance - - S
%
g
5
E
E
!
%
&

in the performance of the appiication, or Rapid turn-around
+ime is required, or Human imagination, judgement, or experieénce
is required in the sciution of the probiem."

,,
it

(2 Specific technical performance requirements, The majof*’ -
requirements that specific devices of an automated dlsplay system must
meet are described beiow: :

e

(a) Interactive graphic display console (individual display).
Data from the CPX portion of the experimentation points out that user
acceptance of an automated display system Is grestly influenced by the
ease with which the user can communicate (interact) with the system. The
interactive graphic display console 15 the primary user device for
pertorming this interaction. _The availabiiity and flexibility of the
Interactive capabliiities and the degree to which the-capabliities
facilitate communlcation between The system and the user are major
factors affecting the console's usefulness.

& ﬂ"';",:vml.‘

.
A M‘ﬁ’
A

s

‘Compatea Graphics, R.D. Parsiow, R.W, Prowse, R. Elliot Green, Plenum
Press, 1969,
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i The minimum interactive capabituftos required for the graphic -
display console are iisted balow: .

a The congole operator muzt be ablae to manipulate (add, delete,
correct, move, or Gifset) eny date item in a +actical situation display.
Immediate -visual feedback of the aperator's actions is required for all
manipulations.

b The console operator must be able to store and display data
items by category. When a new data item is added to the system's data
base, the system must 2flow the user to specify which categories the
data item is to be stored and displayed under.

¢ The conscie Dperafer mnust be able tc store di%p!ay scenes for
later display and be able 10 menipulate the data items in any recalled
scene,

d The con sote ooerafor must have the ability to obtain additionai

_data on any -displayed item upon request. Data Items in tactical situa-

“Hion d;sptays frequentily have associated alphanumeric data (e.g., date
time group, free text comments) which normally is not displayed with the
symbe! *that represents the item; however, this information shouid be
readf!v dvai%abie when desirsd,

2 The prrmary purpose of the ‘n1erar+~ve graphic dispiay console
is to presert tacticai situation displays. The display consists of two
parts: a map background and the dynamic symbology which is superimposed
upon fhe,background.»"he minimum map background capabiiities required

- dor the- :n‘ora»f:va graphic display console are iisted below:

a The ¢onscle miust be capable of displaying map backgrounds for
compruhenslen of the overail factical sltuation, for mors detailed
inspection of the terrain at or_in the vicinity of a superimposed symbol,
and for seiecflve terrain analysis without superimposed symbology.

" - The user should be «bleé 1o +tallor the map background to the
tactica!l situation. He should be able to specify the area of coverage
by providing the console with the cnordinates of any two diagonal corner
poinTs. He should also be able To specify the desired level of map
detaif by being abie to display particular map features (e.g., grid
tines, roads, rivers, contours) individuaily, or in combination, for the
defined area of coverage.

¢ When the console operaior changes the map area of coverage,

dynamic symbology must be automaticaliy displayed at the appropriate map
iocations.
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3 The minimum dynamic symbol capabilities required for the inter-
active graphic display console are listed below:

a The console must be able to display alphanumeric characters,
selectfed FM 21-30 symbols, symbology added to the symbol generator by
the user, circles, ellipses, and freehand graphics such as symbols for
boundaries and axis of advance.

b A minimum of three colors is required. Three colors allow
friendly, enemy, and controil measure symbols fo be color coded. Four to
six colors are desirable.

4 Displays on the console must be viewable. Viewability encom-
passes legibility of the dynamic as well as map symbology and ccmpre-
hensibitity of the display. The minimum requirements pertaining to
viewability for the console dispiays are listed below:

a The operator should be abie to easily identify any dynamic or
map symbol on the display while working under normal office lighting.
Full tegibilify with desk lamps only at each work space is marginally
acceptable. To assist in achieving full legibility, the brightness of
the dynamic data and the background must be independently coniroiiable
by the console operator. in addition, the coclors selected for the
display of dynamic symbology must have high contrast to the backgiounds
the symbols will be displayed upon.

b The conscle display area must be large enough to display an
noverall division tactical situation (as a minimum, control measures and
friendly units of battalion size and larger) with a minimum amousi:of
symbo| clutter but must not be so large as to cause the operator undue
eyestrain or head movement,

5 Dynamic symbois superimposed upcn the map background must meet
user placement accuragy requirements. Current manuai procedures for
plotting symbols against the 1:50,000 scale standard military map have
an innerent plotiing accuracy. The average individual updating a map in
the TCC will; with few exceptions, position a given symbol within 100
meters of its specified map location. Most display users in the
opsrations and intelligence sections of the TOC are concerned with the
effect that symbo! placement accuracy has on the evaluation of the
positionai relationships of the dispiayed symbois. While some users may
require greater accuracy, the inherent accuracy of manua! map posting is
acceptable to most users in the TOC.. Date [tems superimposed against &
map background on the interactive graphic display console must appear to

the viewer to be no more than 100 meters from the specified map location.

b} Grbup display output device, The primary purpose of the group
display output device is to present displays of the overall division
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tactical situation to an audience of at least 20 persons. The display
is first composed and displayed on an interactive graphic display con-
sole before being transferred fo the group display device and consists
ofs two parts: a map background and the dynamic symbology which is
superimposed upon the Lackground.

1 The minimum map background capabilities required for the group
display output device are |’sted bslow:

a The device must be capable of displaying map backgrounds for
comprehension of the overall tactical situation.

b The map backgrounds disployed fcr comprehension of the overatl
tactical situation ust be identical {c rhose used on the interactive
graphic display console fcr the same purpose.

2 The minimum dynamic symbol capabililies requirad for the yroup
display output device are listed below:

a The device must be able tc display the identical alphanumeric,
military unit, and graphic symbols required for display on the console.
The symbol styie and proportion must match that on the console.

b A minimum of fhree colors is required. Thiee colors allow
friendly, enemy, and control measure symbols to be color coded. Four to
six colors are desirable.

3 Displays on the device must be viewable. Viewabillity encom-
passes legibility of the dynamic as well as map symbology and compre-
hensibility of the display. The minimum requirements pretaining to
viewability for the group display output device are |isted beliow:

a Each person in the audience should be able to easily identify
any dynamic or map symbol under normal office lighting. Full legibility
with ambient lighting set to the minimum required for note faking is
marginaily acceptable. To assist in achieving full legibility, the
brightness of the dynamic data as well as that of the background must be
independentiy controliable. In addition, the colors selected for the
display of dynamic symbology must have high contrast to the backgrounds
they will be displayed upon.

b The dispiay area must be large enough to display the overall
division tactical situation (as a minimum, control measures and friendly
units of battalion size and iarger) with a minimum amount of symbol
clutter but must not be so large as to cause the audience undue eye-
strain or head movement.

4 Displays on the device are transferred from an interactive
araphic display console. Therefore, requirements which facilitate the
transfer of displays must be met.

16
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a Rapid Transfer of displays is required to preclude audience
inconven!ence.,

b Once the fraisfer of & scene from the console to the group
display has been accomp!ished, the scene on the group display must be
displayed independently of display scenes on the console in order that
the console be free to display other scenes.

5 Dynamic symbols superimposed against a map background must meet
user placement accuracy requirements. Data items superimposed against a
map background on the group display output device must appear to the
viewer to be no more than 100 meters from the specified location.

(c) Map overlay input device. The main purpose of the map overlay
input device is the input of freehand graphic data such as that found on
an operation overlay (e.q., symbols for boundaries, objectives, phase
lines). A secondary purpose is the highlighting of map data (e.g.,
roads, rivers), Either use of the device requires that the overlay or
the map sheet be placed on the device and the data be traced or input to
the system In some manner.

D R

e84
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I A primary requirement fcr the device is ease of use. The pro-
cedures for registering the map sheet from which the cverlay or map data
is to be ftraced and the procedures for Input of the data must be simple.
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a Map registration must be performed by providing the system with
only The coordinates of any two grid intersections diagonatly located in
retation to each other. Once registration is accompliched, reregis-
tration should not be required until a new map !s used. The map must
not have to be exactly centered and verticai.

b DNata items should be input by indicating the series of points
which define each item. As each succeeding point of a data item is
selected, the resulting cumulative line segment should be automatically
connected and displayed on the interactive graphic display console.
when inputting an item, the user must be able to specify the type of
line desired (e.g., solid, dashed), the category that the item is to be
displayed under, and the color of the item,

2 The device must meet user requirements for area of map coverage.
The device must be large enough to accommodate ine map area of coverage
tfor the majority of division tactical situations. Experience Indicates
that this area Is at least 50 kilometers by 50 kilometers. The size of
this area on a scale of 1:50,000 (the scale of maps most widely used in
the division) is | meter by | meter. '
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3 The device must also meet user requirements for accuracy of the
input data. The map background used on the map overlay input device
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must He registered so that a data ltem entered as a serias of points on
elrher e overlay or the map itseif, when displaved on the console or
group dispiay, has the points dlsptayed within 100 meters of the points
entered thru Yha device.

(d) wap overiay output device. The map overlay output device
provides nard cupy < Interactive graphic display console scenes.

I The outpur, in the form of an overlay for use with standard
paper maps, wust ma.t the following requirements:

a The device sho.:d have the ability to provide output to any
scale desired. As a mic irmusm, the operator must be able to specify
scales of 1:25,000, :50,70G, §:106,000, and |:250,000,

b The output size must ba lerge enough to accommodate the map area
of coverage for the majority o¢ division tactical situations. Experience
indicates that this area is at leaz¥ 50 kilometers by 50 kilometers.

The size of this area on a zrale of {:5C,000 (the scale of maps most
widely used in the division) ic | metar by | meter.

< The overlay must be cutpuf on transparent material., However,
this Ts not intended to exclude output on other material such as paper.

2 The overlay must match the scene disniayed on the console and
must meet the following requirements:

a  The device must be capable of outputting vhe identical aipha-
numeric, military univ, and graphic symbols required for display on the
contole. The symbol style and proportion must match that used for the
console.

b A minimum oi three cclors is required. Three colors allow
fr.enday, enemy, and confrol measure symbols to be culer coded. Four to
six colers are desirable. Color ielection should be based upon wbtain-
ing a high degree of contrast in relation to the map backgrounds the
overlays will be displayed against.

3 Output from the device must be timely and must meet user accuracy
requirements:

3 The device should be capable of multipie copy output. Mulliple
copy output must be rapid enough to preclude user inconvenience.

b The data items on the overlay. when placed aver the appropriate
mop, must be within 100 meters of the correct symbol locations. While
*his accuracy is tolerable for most uses of the overlay, o*her uses
(#.q., targeting) may require greater accuracy.
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(e} Printer. The printer provides hard cooy ﬂf alphanumeric data.
it must meet The following requirements:

| The printer must have the capability to print the 6%-cnaracter
American Standard Code for information lnterch~-ne (ASCHi} seft.

2 The printed characters must be fu!ly legibia in cmbient light as
low as the minimum required for reading high contrast or well-printed
material. - )

3 Tne outout must be sufficlently rapid to preclude user incon-
venience and should be the standard 2-inch by 10 1/2-inch size +o
facilitate repraduction by existing equipment.

4 The print area must be visible to the user to preclude the
possibility of output not belng noticed or of having tc advance fthe page
to read newly received data,

.if} Alphanumeric display consoie. The aiphanumeric dispiay con-
sole Is the primary device for the input, display, manipufation, and
transmission of alphanumeric data,

! The operator procedures ‘or the functional capabiilties of the
console must be easy to use. The procedures recommended for the infer-
active graphic display console exemplify the degree of simplicity and
user convenience Jdesired.

2 Displays on the consoie must be viewable. Viewability includes
legibTiity of the dynamic symbology as well as comprehensibl!lfy of the
display., The minimum requ'rements pertaining to viewsbility for tha
alphanumeric display consoie are jisted belcw:

a The symbols required toc be displayed on the console are the
64-character ASCI! set, Message formats as well e= tabular chart oui-
lines will 2iso bs dispiayed.

b Two colors are desiravie., The second cojor allows message
formaTs and tabular chart outlines to be readily distinguishable.

= Displays on The console must be fully legitte under normal
office lighting.

d The screen should be sufficiently large to present the required
alphanumeric displays, but should not be so large as to cause undue
operator eye and head movement.

c. Objectlve 3: Performance of svaluated automated display
systems.
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(1) None of vhe thrav candidate sysicme evaluated during the
experimertation fully met all of the reguireinente determined in
objective 2 of the ewperimeniatinn.

(2

(21 Evafusted -olloctivary, “hw perfoimanes of the thires sysicms
demonstrated that zveilable hordware and sofhiare technology have lhe

potential *c meet the automatac dizplay syster, technical performance

requirements describad in this report. Trese purfcrinance requirements

should bz wvsed as the basis v frtier evelut onary development of :
automated display systems. ) ‘

(3) The CRT system demonctyated +he best performance overall. The 3
performance was atiribultable piri=e~ily o +he oy tom software decign .
which provided more capability a.d flexitijity in the display and manip~
vlation of data then was demon~tirated | - 1ta otier teo systems. The
performance of the CRT system was enhanced by the use of a magnetic disk
storage unit which alloweds for a gireater number of Jdisplay routines thap
were provided by the other two svstems. The routines were rapi-''y

accessible by the display processor and ware called upon as required.

(4) one of the devices evaluated met all the requirements spec-
ified for the device. However, the devices of each system which demon-
strated the greatest overall capability in meeting the requirements *E

‘e - : . ~
specifiad for the device are shown in fiqure 1-3.

}

i

Interactive Group Map overlay -Map overlay Printer
System  graphic display input oufput

display output device device

console device i

Scrabe X
CRY X X :

Photochromic NA¥ X NA¥

¥This device was not a component of the system.

Figure 1=-3. Relative performance of system devices.
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CHAPTER 2 -~ Conclusions and Recommendations
2-1. Conclusions.

a. Arn automated display system (a display processor controlling
several interactive graphic display consoles and other input or output
devices as required) has the potential to improve the planning and
contro! of operations in a division tactica! operations center. Two
major advantages of the system are the presentation of displays which
are familiar to the user and the rapid and flexibie response to user
requirements. These advantages can provide data management capability
superjor to current manual means.

b. The materie! need document for the tactical operations system
{(MN for TOS) requires revision. The revision must emphasize that the
intaractive graphic display console and a display processor integral fo
the system are the basic components of any display system envisigned for
tactical use. The revision should also recognize that the integral dis-
play processor provides the automated display system with a "stand.-
alone" capability. The impact of this "stand-alone" capability should
be investigated.

c. lInvestlgation to determine the specific user applications which
can be effectively accomplished by an automated display system should be
conducted. The technical performance requirements outlined in this
report are the basic capabiiities required as a point of departure for
development of tactical automated display svstem applications.

d. Although none of the three systems fully met the fechnical
performance requirements arrived at as a result of the experimentation,
evaluation of the cotlective performance of the systems indicates that
available technology has the potential to meat 1he requirements stated.
These performance requirements should be used as the basis for further
evolutionary deveiopment of aufomated display systems.

e. Evaluation of the performance of the three systems indicates
the necessity for emphasis on careful and complete definition of user
inputs and the outputs that the user expects the automated display
system to provide. This aefinition has a great impact on the develop-
ment of the appropriate software which in turn determines how weli the
system will meet the user's requirements.

f. Experimentation using commercially developed hardware and
software is an efficient and effective way to identify and refine
performance capabiiities required for automated display systems.

g. The display of map backgrounds by an automated display system
is not expected to totally replace the use of paper maps in the TOC. |In
this light, investigation to determine the best means for providing map
backgrounds for automated display systems is required. A display
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without usable map backgrounds is ineffective., The displa/ of a map
background is as important to the user as the display of tie dynamic
symbol-: superimposed on tne background. The user should be able to

tailor both the map area of coverage and the level of detail to the
situation.

h. The selected display technoiogy will determine the colors
available for displaying dynamic symbology. The color capablilities of
avallable and potential display technologies require further investig-
ation to identify principles for the selection of colors. The contrast

and brightness of the colors must be compatible with the map backgrounds

they will be displayed upon. Therefore, the investigation should be

conducted in conjiunction with or be based upon the results of the study
on map backgrounds.

2-2. Recommendations.

a., That continued experimentation with automated display systems
be conducted with emphasis on the following actions:

(1) ldentification of functional applications for automated dis~

play systems. In making this identification coordination should be made
with qualified user personnel.

(2) Determination of the display system components required by
potential users at division fevel Initially and at other echelons if it

is determined that automated display systems are required at these
echelons.

(3) Investigation of alternative means of providing automated
display system support to tactical operations centers to include "stand-
alone" display systems supporting single users or echelons,

b. That the findings pertaining to automated displays in tactical
operations centers and the findings pertaining to system technical

performance requirements be used as a basis for revision of the approp-
riate portion of the MN for T05 document,

¢. That a study be conducted t+o determine the best means of
providing map backgrounds for automated display systems. The study
should specifically focus on techniques which can be used to provide the
automated display system user with the ability to tailor both the map
area of coverage and the ievel of detail to the situation.

d. That the color capabilities of available and potential dispiy
technologies be further investigated to identify principles for the
selection of colors to display dynamic symbology. The investigation

should be conducted with or be based upon the results of the study on
map backgrounds.
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23 July 1974

IBCS: AUTOMATED DISPLAYS
Test Number FMil6

PART TWO -~ TEST AMD FINDINGS
CHAPTER | - General
Section | ~ (ntroduction
I-1. Purpose,

a. The automated displays experimentation program examined three
candidate automated display technologies to evaluate system technical
requirements and to ascerfain how automated display systems ca: best
support the planning and control of tactical operations. This generzal
purpose was transiated into thres objectives:

(1) Objective |. Determine hcw computer driven displays can best
suppoirt the planning and control of tactical coperati as.

(2) Objective 2. Evaluate proposed requirements statement under
operational conditions and recommend changes as appropriate.

(3) Objective 3. Evaluate the suitability of candidate computer
driven display technological approaches to meet proposed requirements
criteria.

b. Completion of objective | provided a baseline 2gainst which the
findings in objectives 2 and 3 could be referenced. Objective 2 focused
on evajuating, refining, determining, and stating technical performance
requirements for automated display systems that are envisioned for usc
by the cperations and intelligence staft sections in division tactical
operations centers (TOC's). The display requirements that were evaluvated
are listed in the materiel need (MN) document for the tacticai operations
system (T0S). Objective 3 was achieved by assessing the periormance of
the three candidate automated display systems against the requirements
stated in objective 2.

¢c. Objectives 2 and 3 are contained in the outiine test plan
(OTPj. Objective | was added by MASSTER fto identify the TOC activities
which are potential users of automated displays, determine their current
(manual) display requirements, and identify the components of ar auto-
mated display system which could facilitate the operation of th. 0C
activities identified. The addition of the objective was approved by
the test proponent (Combat Cevelopments Command (USACDC)).
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1~2, Background.

a. Experimentation with large screen displays was initiated in
MASSTER Command Post Exercise (CPX) CP3, The purpose of the experimen-
tation was to determine the feasibility of using computer-assisted large
screen displays at the division level in a tactical environment. The
initial phase consisted of experimentation with a large screen "stand-
alone'" display system which employed a scribing projection technique.
The results indicated that computer driven display systems could be
useful in the division tactical operations center (DTOC). The results
also indicated that additional experimentation to define system perform-
ance requiremenis and evaluate available display technologies would be
benefici-i. An OTP was developed by USACDC to define the additional
experimentation needed. This plan was designated as FMii6.

b. In June 1972 approval was received from the Department of the
4rmy for & 6~month lease of two candidate automated display systems.
specifications were prepared to meet the objectives stated in the OTP.
Competitive contracts were awarded to the Northrop Corporation for
development of the scribe projection system and to the General Dynamics

Corporation for deveiopment of the cathrode-ray tube (CRT) projection
system.

c. In addition to the scribe and CRT systems, a third auytomated
display system was evaluated. The system was developed for th> United
States Army Materie! Command - Eiectronics Command (USAMC-ECOM) by the
Singer Librascope Corporation, and it used a photochromic fiim pro-
jection technique. Although the system did not possess many of the
hardware and software capabilifies called for in the specifications
prepared for the scribe and CRT systems, it did possess a number of
capabilities which could be evaiuated and compared with the other two
systems. Only those portions of the FMIi6 test plan applicable to the
photochromic system were used,

1-3. System Description. Three automated display systems were eval-
uated. Each system differed in the technology used to rear project

- dynamic symbology (military unit symbols, alphanumerics, and graphics)
. onto a large screen. The systems had simiiar hardware configurations.
E The operation of each was confrolled by a minicomputer which processed
A displayable data and caused the appropriate symbols to be displayed on
the large screen and on a CRT display console. Each system displayed
: map backgrounds and formats on the large screen by means of slides.

5 Each system al<o included a CRT display console (fwo consoles with the
z scribe system) and a number of other devices for the input or output of
data. Detailed descriptions of the individual components of the three
systems are contalned in chapter 2, section |11, Performance of evalu-
ated auiomated display systems.

a. 5Scribe projection system,
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(13 The scribe system used commercial hardware components and was
developed by the Northrop Corporation. Figure i-1 is a schematic
diagram of the system. Oynamic symbology for projection onto a S-foot
by 5-foot screen was computer generated and mechanically etched on a
metal-coated glass slide by one of two scribing projectors. Both
projectors contained 40 slide positions which were separately address~
abie by the computer. Slides of map backgrounds and formats were pro-
jected onto the large screen by two reference projectors. Each reference
projector contained 40 addressable slide posi¥ions. A fifth projector
was used to highiight, by means of a marking cursor, symbois on the
large screen. The cursor was also used for map background registration.
The projectors used incandescent bulbs to display symbology on the large
screen. Each of the five projectors was capable of displaying symbols
in one of six colors: red, green, blue, orange, yetiow, or white.

(2) An analyst and an editing console (both were CRT display
devices) aliowed the operator to interact with the system. Neither of
The consoles had the capability to display map backgrounds on its dis-
pilay screen, tach console displayed dynamic symbology in one coior
(green on the editing console and white on the analyst console).

(3) A teietypewriter was used for system technical control. A
medium speed printer provided output of alphanumeric data contained in
the system data base.

(4) Freehand graphic data such as symbols for objectives, phase
lines, and boundaries were iaput through the graphic input device. Hard
copy output (not to scale) of displays was provided through the graphic
hard copy reproducer. Storage and recall of display scenes were provided
by the magnetic tape unit.

b. CRT projection system,

(1) The CRT system used commercial hardware components and was
developed by the General Dynamics Corperation, Figure 1-2 is a sche-
matic diagram of the system. The system used iwo CRT projectors (one
red and one green) to display dynamic symbology on a 5-foot by 5~foot
screen. Map backgrounds which were on 35-millimeter s!ides were pro-
jected onto the screen by a carousel projector. The carousel contained
80 computer-addressabie slide positions.

(2) The analyst console, a rear-ported CRT display device, allowed
the operator to interact with 1he system. Map backgrounds and formats
were prsjected onto the face of the screen through a rear-port in the
CRT. A carousel projectnr with 80 computer-addressable slide positions
was used to project the backgrounds. The siide carousels on the console
and large screen projectors were Independentiy addressable. This allowed
the display of backgrounds which were not necessarily the same. Dynamic
symbojogy was displayed on the console screen in two colors: red and

green. .
25
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- (3) The teletypewriter, medium speed printer, graphlc Inpuf device, -

- _and hard-copy reproducer performed the same functions as those destribed

tor ‘the scribe system: However, the-oufput of the CRT system's -hard
-copy. reproducer was to scale.

allowad for- sforage and recall of dispiays.

C. Phoféchrcmlc projection system. i

(1) The photochromic system was a militarized system that was
deveioped for the USAMC-ECOM by- the Singer Librascope Corporation.
Figure 1-3 is a schematic diagram of the system. An uitraviolet laser
provided a beam of high energy which was positioned by deflection
mirrors to form the dynamic symbols on heat sensitive photochromic film.
The generatad symbo!s were Illuminated by a xenon projector lamp and
projected in biue onto a 6-foot by 4 |/2-fcot screen.- A second (blue-
green) laser was used to display a marking cursor. The cursor ailowed
symboiogy to be visually located or highlighted at any location on the
screen and also allowed registration of map backgrounds. Map backgrounds
~and formats were contained in a 70-miiiimeter revolving slide container.
The container had 60 computer-addressable siide positions.

(2) Operafor«inferac+ian with the system was provided by the data

edit and entry module (DEEM). This device inciuded a CRT display and a
separate keyboard console.

{3) The teietypewriter and haid copy reproducer performed tne same
functions as those -described for the scribe system. The hard copy
reproducer used a photochromic fiim writing technique similar to that
used for the large séreen and produced scale coples of display scenes on
transparent material. No on-line storage of display scenes existed.

Display scenes could be stored off-line by outputting them on “the punched
paper tape avallable on the teletypewriter,

Section {1 ~ Test Design

1-4. Test Methodology. A brief descripTion of how each experimentation
ob jective was accompiished foilows:

a. Objective | - Determine how computer driven displays can bast
support the planning ana control of tacticel operations. MASSTER test
reports, studies, fleld manuals, -and other documents were researched in
order to identify in gengral terms those TCC activitles that used dis-
plays and to determine what those displays were. Based on this research,
a questionnaire was designed and distributed fo representative user
personne! in units at Fort Hcod. The repiies were used to identify the
information display requirements of those TOC activities which used
dispiays. The net resuit of this entire effort was the identification

of potential automated display users and their current (manuai) display
reguirements.
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b, Objective 2 -~ Evaluate proposed requirements statement under
operationa! conditions and recommend changes as appropriate. An evalua-
tion of the data gathered during the experiment was used to identify and
qualify the performance requlrements for automated display systems. The
following factors were considered in the evaluation:

(1) The group display device and analysis console component char-
acteristics stated in the MN for TOS.

(2) The current (manual) display requiremeﬁ}s derived by completing
objective 1.

(3) Data collected during the 2-week CPX portion of the experiment.

(4) Component performance data collected during the performance
testing portion of the experiment.

{5) Special evaluator comments.
(6) Data obtained from research of display system |iterature.

c. Objective 3 - Evaluate the suitability of candidate computer
driven display technological approaches to meet prcposed requirements
criteria. Performance data collected during the performance testing
portion of the experiment was evaluated against the requirements derived
from objective 2,

d. Each of the three experimentation objectives was subdivided
into subobjectives, Analysis of the subobjec.ives led to the identifi-
cation of essential elements of analysis (EEA's' which asked the baslic
questions. Related EEA's which could best be answered together were
groupec into discrete tasks called work segments. Each work segment was
a complete package. The packages included detailed procedures for data
coliection, appropriate system Inputs, data collection forms, and data
reduction procedures. Part three of this report contains the sulLobjec-
tives, EEA's, and work segment descriptions.

e. Twenty-two work segments were identified. Three of the work
segments required the display systems to receive and display data from
the developmental tactical operations system (DEVTOS). Data trans-
mission between DEVTOS and the display systems was one way only. However,
display system users were able to input data to DEVTOS by the use of a
message input-output device (MIOD) co-located with each display system,
Three wark segments did not require the display systems and were con-
ducted before actual experimentation with the systems began. Ore of the
work segments was a8 2-week CPX during which player personnel used twc
display systems (scribe and CRT) to assist in performing G2, G3, and
battiefield information coordination center (BICC) activities in a CPX
environmeni,
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f. A number of the work segments required the dispiay of map back=-
yrounds. A conference was held at Fort Hood on 25 and 26 July 1972 to
determine the map backgrounds to be displayed by the candidate systems
during the experimentation. Attendees at the conference were repre-
sentatives from the Defense Mapping Agency, Army Tactical Dafa Systems,
Human Engineering Laboratory, Behavioral Science Research Laboratory,
United States Army Materiel Command-Electronics Command, Engineer Tapo~
graphic taboratory, Combat Deveiopments Command, Tactical Systems Develop-
ment Group, Computer Systems Command, Northrop Corporation, General
Dynamics Corporation, and MASSTER. The map area of coverage selected
was the same as that used on MASSTER Test 113, a command and control
CPX. This allowed the use of the CPX tactical scenario input mcssages
which were available from a DEVTOS log tape. Both the scribe and the
CRT systems used a rear projection technique for background dispiay.
Personnel at the conference determined the types of map backgrounds to
be used and the area of coverage of each silide. They also determined
that slides which displayed varying levels of map detail up to and
including that found on the 1:50,000 scale standard military topographic
map would be prepared. The Defense Mapping Agency produced the slides
in accord with specifications provided by MASSTER. Details of the
specific map backgrounds used during the experimentation are containea
in chapter 2, section |11, subparagraph 2-7b.

}-5. Test Events. The major test event dates are listed below.

a. Test plan in process review 12 Dec 72
b. Displays experimentation (scribe) began i2 Feb 73
c. CPX (scribe, CRT) 30 Apr—i1 Mey 73
d. Displays experimcntation (CRT) began 2§ May 73
e. Displays experimentation (photochromici began 29 Oct 73

f. Test concluded 9 Jan.74
I-6. Training.

a, Personnel from HQ, MASSTER and Fort Hood units participated in
the experimentation. The awount of training they received on the CRT
and scribe systems is shown in figure -4, Training on the photochromic
system consisted of 4 weeks for two operavors and | week for six test
controliers,
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Type of Number Unit Q?:?gin;f
personnel of personne! {week)
Test control tean 8 HQ, MASSTER !

(Controllers, data {CC and C Dir)
collectors, data

reducers) 3
Display team (Operators) 5/10* 2d Armored Division 4
CFX players {Cz/G3} 8 HQ, MASSTER | .
(CC and C DIr) .
BICC 8

163d Military !

inteliligence Baitalion .
(Combat) '

*{0 were used during the CPX only.

=

i3
"

Figure 1-4. Personnel fra!nlhg.

b
ity

b. Enlisted men served as display team personnel. They were
required to have 20/20 vision and could not be color blind. These

E visual requirements were imposed, since selected individuals from the
i display feam were used as test subjects for iegibllity experiments.

L§ 1-7. Logistics. Hardware and software support for each system was
' provided throughout the experimentation period by on-site vendor personnel.
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Section 11 - Test Execution

|-8. General.

a. Tha test plan called for simultaneous experimentation with the
scribe and CRT systems. However, the late delivery of the CRT system
= necessitated separate experimentation. This was not a preoblem since
3 identical Inputs provided to one system for a particular work segment i
could also be provided to the other system.

b. The scribe and CRT systems were both operational during the
During this 2-week period, the G2/G3 player team and the BICC team
- usad separate display systems To assist in performing thelr missions.

3 The teams were rotated at the end of the first week so that by the end

3 of the CPX each team had an equal! amount of time on both systems.

E CPX.

c. Hardware and software limitations of the phofochromic system

precluded some of the 22 work segments being conducted with the system.
The system did not have the required routines for DEVTOS interface.
Consequentiy, the work segments, except work segment 5, which required
data receipt from DEVTOS (including the CPX) were not conducted.
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in work segment 5, paper tape was ussd fto simulate DEVTOS message
receipt. Oihear work segments which required experimentation with
capabilities that the system did not have were al<o omitted.

d. Throughcut the experimentation period, special evaluators from
agencies outside of MASSTER observed the pcitions of the experimentation
which related to their field of expertise and provided conments that
contributed to both the experimentation and the findings. These agencies
included Project Management Office, Army Tactical Data Systems; Computer
“Systous Command; Army Research Institute; Defense Mapping Agency; Army
Materiel Command - Electronics Command; Engineer Topographic Laboratory;
and Combined Arms Combat Developments Activity.

{-9. I§§I'Confrol.

a. The work segments provided the framework of control for the
experimentation. Before each work segment was conducted, the control-
lers, data collectors, and operators were thoroughly familiar with the
work segment procedures. During each work segment, the controltlers
irsured that the step-by-step procedures were being followed and that
*he czilocted data was complete,

k.  The scope of the c«perimentation was such that the test con-
trollers .oy key data collectors were involved in the entire test cycte.
Thes=2 key individuals planned, conducted the experimentation, reduced
the data, =nd wrote the test report,

1-10. Uncorrojled Test Variables. The experimentation was randomly
delayed foir varying periods of time by system hardware and software
failures. High humidity contributed to some of the hardware failures.
A list of failures encountered on each system is contained in part
three, section V.

i1-11. Environmenial Conditions,

a. The experimentation was conducted in the Command, Control, and
Communications Directorate workshop area. The scribe system was [ccated
in bunker number %7!59. The photochromic system arrived after the
scribe system had Lexn removed., |1 was also located in bunker number
92159. The CRT systam was located in bunker number 92i6!. The dimen-
sions of the bunker are shown in fiqure |-5. The bunker locations are
shown in figure i-5.

b. Modifications wars uade to the bunkers prior to the experimen-
tation. A l6~foot by 20-fuut plywooo panel was suspended from the
bunker ceiliny It was suspirnied 8 feet from the floor and 21 inches in
front of the partition whic* zuntained the large screen. A schematic
drawing of the panel or faisa ceiling is shown in figure {-7. The panel
supported five rows of Genezrai £lectric, F40 CWX, mainlighter, deluxe,
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cool white florescent lamps, Each row contained four double iamp fixtures.

Lamp intensity was adjustabie by a rheostat, and the two rows nearest
the large screen were controlled independently by an on-off switch.
Fifteen-inch ply ood baffles were hung from the false ceiling in front
of the first three rows of lamps to reduce glare on the screen. The
panels were palnted flat black and extended the full width of the false
. 3iling., The false ceiling was used to contro! the ambient light inten-
sty in the experimentation area.

c. Each bunker was partitionad in?o a service area, a test area,
and an office area. The bunker interior and the partition separating
the test and service areas were painted fiat white. This partition, on
which the large screen was mounted, was made of 2-inch by 4~inch stud
and sheefrock and extended from the floor to the ceiling. The partition
in the rear of the bunker, separating the testing area from the adminis-
trative or office area, was a stendard office divider with target cloth
hung from the ceiling and attached to the civider. Two offices were
partitioned cf” ‘rom the entranceway by using standard office dividers.
The overhead lights in the bunker entranceway were shielded to project a
minimum amount of light into the festing area. The tamps in the service
area behind the large screen were the came typs as those in the test
area and could also be separately controlled with a rheostat. A schematic
drawing of each bunker's |ayout for the three systems is shown in
figures 1-8, 1~9, and 1-10.

d. The bunkers had no heating or air conditioning equipment
installed. Jevere arcing in the CRT sysftem's anatyst console during
system startup on very humid days necessitated the use of €ive portable
dehumidifiers. The dehumidifiers were ponitioned near key components.

CHAPTER 2 ~ Test Findings

Section | ~ Manual Display Requirements

2-1. Survey Resulis.

a. This section addresses objective | of FMI15 ~ Determine how
computer driven displays can best support the pianning and control of
tactical operations. This objective has three subobjectives: identify
those TOC activities which use information displays; identify the infor-
mation display requirements of those TOC activities which use displavs;
and identify the automated display components which facilitate TOC .
activities. The data required to answer the first two subobjectives was
collected by several means. First, MASSTER 1est reports, studies, fleld
manuals, and other documents werce researched to identify, in general
terms, those TOC activities which use displays and o determine what
these displays are. Next, a questionnaire was designed to obtain the

57

pES T ST




”w,i . - . s e " » .
,,_, T " o
“ JHW méﬂw
- ‘WeysAs 8qiuds ‘Orjewsyds aaqung ‘g-y o4nbi g4
.’ -~ elqel wsegl | seq
a< [
Q.0 —
I Q Fe
& 0 A
P ENL 0N
oA LD 5 01
ade) .m © 1ON
useJads sbue] A
mLo+omhoLLf
uoo 6 A |
=
O
£ \ R
8
M~0mgou J19onposded
ul+1ip3 a>aou paeq]
. Joiud
o adAap
Jojismeditayas] 18pe0| induy poads
Jossacoud We4DOAd | oyydeag wn1pen r
Aejdsig &
_ %587
g 1 ! |I|l'|_..‘.llllf 9 43 mm/,..i..!!l..'v e LS SR S R SN
910sU0L
}SAjeuy

g 8 ey L IR ol e 0 B LR B0 B LS



*WwRLSAS M) ‘T 14RWBYDS JBvung

‘6-1 84nbyy

aiqeyL

sJopoelosd aqny  Joudjw
Aga-3poylen  2104YdiQ]

26 f+ 6 in

amadAje ey
Joyoaload jasnoden

\/

uaa4os sbue

8D ABD
4nduy
oiydeds

Jaonpoadau

Jo) jamadALsie] Ados paen
n

[ o
DQQ

— 11 s} |iseo
2
L
©
T
= 3190S
e oL
e LON
T
/ o
&

Desk

#sag

@ 1 VI i..!.‘...lll.: 9 44 6¢ =Pt U}
Jossadoud 8]05uU0D .
Aejdsig si1sAjeuy

9 44 Lo

.I|III.1

Lt

el oty o 0 5 i i S o

A e ——— p——




& : 3
ﬁ ‘, loes
*wa4SAs umeo&»uﬁ,o;a;r vpLeuUEYDS daMung Q-] ed4nbBig
’ >+ elael wseq | [iseq
a2
Q- @
AR dAre )
» 8 Ja} tamadAyejay 2
4apeay -
adej Jadeyd :m VIS
0] o
- oL
40558204y ¢ 5 0SUOS o - :
heidsig 0 D120qASY < 10N
= 3iqe;
w
+
(Y N
O
o~
: +iun Aejdsyg
_ 2 jwoays0L0yg %
@
2|npow Adqu3 e
pooy pue 41p3 ejeg
Jo0409foug f
, Jaonpoaday
\ Adon paen . %saQ
e —— iV uig tmm....lzi....';r‘iit!..l:c i

A R e A TL

A B e AT A B e el

40




TORR

WA A

required data. The qunastionnaire was distriputed to 230 personnel who

had T0C experience. A discussion of the results of both efforts is
presented in the following subparagraphs. Part three, section |, contains
the reduced data on which this discussion is based.

(1) The division, brigade, and battalion TOC activities which use
information displays are identified in figure 2-1,

TS LB
st

A SO PP A R T e

A
E &
3 gg Division Brigade Battalion
- G2 (Operations-Plans)  S2 52
P i G2 Air S2 Intelligence Team S2 Intelligence Team
E = G2 intelligence Team (BiCC) (BICC)
e & . (BICC) $3 $3
§ ' G3 (Operations-Plans)  S3 Air S3 Air
- §§ G3 Air Fire Support FSCC
I Fire Support Element Coordination Center TACP
v % (FSE) (FSCC)
& Airspace Control TACP
& Element (ACE)

o
i

R

R P R e S A T T

Signal Intelligence
Support Element/
Electronic Warfare
Element (SSE/EWE)

Tactical Air Control
Party (T27P)

Figure 2-1. Activities 1hat use information displays.

(2) The majority of division, bLrigade, and battalion TOD activities
use displays for rapid access to trequently referenced information to
assist in planning and coordination. Intelligence activities use dis-
plays to assist in analysis. The majority of these displays require
updating at least hourly. The number of required information displays

" range from 4 for the division and brigade TACP to {9 for the division G3
(Operations-Plans). The situation map is the most universally required
display.

)

(3) Map backgrounds are required for division, brigade, and
battalion TOC situation dispiays. The fevel of detail found on the
present standard military map is not required for many of these dis-
plays. The amount of map detail required depends on the specitic
purpose of the display. Since maps with lesser detai! are not in the
current inventory, the map meeting the requirasments of most TOC users is
the standard milivary topographic map.
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(4) The preferred map scale for use in the division, brigade, and
battalion TOC is 1:50,000. At the division level TOC, a secondary
preference is the 1:100,000 map scale.

(5) The number of colors used for displaying dynamic data is
dependent on the requirement to readily distinguish between various
information categories. Survey results from division, brigade, and
battalion TOC users indicate that most situation displays require three
colors (usually biue for friendly, red for enemy, and black for contrel
measures). Black is also used on a contrasting background to depict
letters and numbers on TOC charts. The colors presently used to depict
topographic symbcls on the standard tactical map sheets, as discussed in
FM 21-31, are satisfactory at all TOC levels.

(6) The brigade and battalion TOC users prefer situation displays
approximately 4-feet high by 4-feet wide. Division users prefer a dis-
play approximately 4-feet high by S-feet wide. Chart or tabular status
displays are approximately 3-feet high by 3-feet wide.

(7) The number of simultaneous viewers of displays durirg normal
operations for the division, brigade, and battalion TOC is approximately
four. For formal briefings, the number of viewers depends on the echelon;
up to 10 at battalion and up to 20 at brigade and division.

(8) The division, brigade, and battalion TOC's require from one to
five copies of most overlays. The reproduction time required for the
majority of DTOC overlays is approximately |5 minutes. Survey respon-
dents indicate that a hard copy reprcduction of approximately one~half
of the essential DTOC overlays would be desirable for purposes of
reference and dissemination.

b. The findings from subobjectives | and 2 provide input to assist
in answering objective 2 of FMII6 -~ Evaluate proposed requirements
statement under operational conditions and recommend changes as approp-
riate. Objective Z is addressed in section || of this chapter. The
findings pertaining to subobjective 3 are contained in section i1| of
this chapter. Section |1l addresses objective 3 of FMI16 - Evaluate the
suitability of candidate computer driven display technological approaches
to meet proposed requirements criteria. This section assesses, by
compcnent, the performance of each of the three evaluated automated
display systems in meeting the recommanded system technical requirements
formulated in section Ii.

Section 11 - Automated Display System Requirements

2-2, Infroducfioq.
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a. This section addresses objective 2 of FMIi6 - Evaluate proposed
requirements statement under operational conditions and recommend changes
as appropriate. The display requirements that were evaluated are |isted
In the Department of the Army (DA) approved MN for 10S dated November 1972.
The two comporents described by the MN for TO5 which relate to

the display of tactical data are the group display device (GDD) and the
analysis console (AC).

b. Organization of the remaining sections of this chapter was
influenced by the following factors:

(1) Experimentation with three different display systems was ccn~
ducted over a period of i2 months. The experimentation produced iz*a
which answered questions in specific areas and also brought to |ight
other areas in which further study and/or experimentation is worthwhile.

New automated display system requirements gradually evolved as a result
of the experimentation.

(2) A listing of specific system requirements is best preceded by
& narrative discussion which not only outlines the requirements but also
provides the hackground, rationale, and philosophy underlying the
requirements.

(3) The TOS MN requirements are not listed in an order that is
readily addressable. Requirements pertaining to a specific area or

function are not grouped together but are found randomly throughout the
listing.

(4) Requirements for automated display systems are more appro-
priately presented by grouping them into user-oriented functional catego-
ries. The five categories addressed in this report are viewability of
displayed data; placement accuracy and display compieteness; map back-
grounds; timeliness and ease of use; and rellability, availability, and
maintainability. This organization assists in the statement of reauire-

ments not listed in the MN for TOS but identified as a result of the
experimentation.

c. This section is organized into four areas:

(1) Paragraph 2-3 describes the major dispiay system findings
which evolved as a result of experimentation during FMII6. I+ provides
an overail frame of reference for the remaining parts of the section.

(2) Paragraph 2-4 discusses, in narrative form, tha requirements

for an automated display system. The requirements are grouped into the
five functional categories mentioned in subparagraph b(4) above.
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(3) Paragraph 2-5 addresses each GDD and AC requirement in the
order that they are listed in the MN for TOS.

(4) Paragraph 2-6 extracts from paragraphs 2-3 and 2-4 and states,
for the system and system components, the specific technicai require-
ments for an automated display system. The rationale for each require-
ment Is also stated. These requirements are used in section i1 of this
chapter to assess system performance.

d. The reorganization of the requirements into the five functional
categories precludes addressing each subobjective of objective 2 directly.
However, all subdbjectives are addressed. Reorganization into the five
functional categories merely presents the requirements in a more mean-
ingful and useful format.

e. Two assumptions stated in the detailed plan of test guided the
formulation of the requirements stated In this chapter:

(1) The echelon at which TOS will initially be employed is the
division., The stated requirements are for a display system envisioned
for use in a divi.ion TOC. Display system requirements for higher or
lower echelons, if It is determined that display systems are required at
these echelone, will require analysis and modification of the division
requirements to make them applicable to these echelons.

(2) The primary users of TOS and the display systems assoclated
with TOS are the commander and the operations and intelligence staffs in
a division TOC. The stated display requirements are directed to these
primary users. However, it is recognized that there are other potentiai
users of display systems in the division. If a display system is needed
for one or more of these potential users, the stated requirements may
need modification to fit the specific user.

f. The results presented in the remainder of this chapter are
based on knowledge developed through a number of contributing factors
which include an |8-month period of planning and hands-on experimentation
with three automated display systems; visits to vendors and other services
which had display systems; attendance at conferences, seminars, and
classes on display systems; analysis of manual display requirements;
discussions of automated display requirements with personnel from combat
units who operated the systems during the experimentation; and discussions
with special evaluators from agencies outside of MASSTER. These agencies
included Project Management Office, Army Tactical Data Systems; Computer
Systems Command; Army Research institute; Defense Mapping Agency; United
States Army Materisi Command-Electonics Command; Engineer Topographic
Laboratory; and Combined Arms Combat Developments Activity.
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2-3. Automated Display Systems - General. The subparagraphs that

follow present general findings for automated display systems envlsioned
for use in Army Division TOC's. Automated display systems must inte-
grate hardware, sofifware, and the ugser for whom the software and hardware
are designed. It is the user and his mission accomplishment which must

be supported. Findings which relate to each of these three interdependent
system elements are discussed below:

a. Hardware. The MN for TOS identifies the GDD and the AC as the
devices required for display and manipulation of data in a TOC. The GDD
and the AC are controiled by the TOS central computer. A brief descrip-
tion of the role of each device is provided below. A discussion of the
experimentation findings relating to the hardware components of an
automated display system follows the description.

(1) The GDD has a large screen (4 by 4 foot minimum; 6 by 6 foot
maximum) and is the primary operations and planning display device. The
GDD portrays units, locations, boundaries, and zones or areas on a
tactical map background. The GDD includes the overlay reproducer as a
subcomponent to provide transparent overlays from displays on the GDD
suitable for use with standaird Army maps.

(2) The AC provides the man-machine interface between the user and
the «ystem data base. It operates as a graphical display simllar to the
GDD and as an alphanumeric input-output device. The MN for TOS does not
specify a capability for transfer of displays between the AC and the
GOD.

(3) Experimentation findings show two basic hardware components
are required for any automated display system used in a division TOC.
The first is a local display processor which allows for the receipt,
storage, retrieval, display, and manipulation of data. The processor
also controls the operation of the hardware components of the display
system. The functions that the processor must perform dictate thar it
be separate from the TOS centrai computer and that it be dedicated
solely to the operation of the display system. |t is inefficient and
impractical to require the TOS central computer o do the display data
processing as well as control all the devices of the system. The
probiem is compounded when a number of display systems are iinked to
TOS, thus multiplying the total number of devices to be controlled. The
separate display processor is not only more user responsive, but It also
acts as the single point of contact for interaction between TOS and the
display system. The display processor also facilitates "stand-alone"
operation of the system and provides a built-in continuity of operations
(CONOPS) benefit.

(4) The second basic hardware component of an automated display
system is the Interactive graphic display consoie. This component is
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the primary user device for the display of, and interaction.with, com-
puter stored data. The console features which make this possible are a
display surface dedicated to the presentation of displays for a specific
user; the controls, such as a keyboard, joystick, and light pen with
which the user can recall, create, modify, or delete dispiays; and a

positive visual feedback on the display surface which aliows the user to
monitor display manipulation.

it

-

(5) An automated display system from a hardware point of view con-
talns basic components (a display processor and one or more Interactive
- graphic display consoies) and other hardware components (peripheral
o devices) as required to meet particular user needs. Figure 2-2 shows
k- how hardware components could be configured for a display system support-
3 ing one user, the division G3. To support an additional user such as
= the G2, the figure would also show dedicated interactive graphic display
4 consoles for the G2. Other peripheral devices that the G2 requires
g would be added if sharing the use of a peripheral device (such as the
printer for the receipt of messages or the map overlay input device for
inputting overlays to the system) is unsatisfactory.

AUTOMATED DISPLAY SYSTEM

&

GROUP DISPLAY OQUTPUT
DEVICE (LARGE SCREEN
MAP OVERLAY
INPUT DEVICE

"MAP OVERLAY
OUTPUT DEVICE

PRINTER )

B/ ALPHANUMERIC
DISPLAY CONSOLE

H

DISPLAY
PROCESSOR

705 M

PR e Bk

MR o

i

il

Sitin

G3

INTERACTIVE
GRAPHIC
DISPLAY

CONSOLE(S}

- tszzznzxusd

. — Direction of Data Flow

¢ Figure 2-2. Type hardware configuration.
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(6) In figure 2~2 the interactive graphic dispiay consoles are
the primary display devices. The group display output device (large
screen) is shown as a peripheral output device to be Included in the
configuration only when anticipated usage justifies its inciusion.
Control of dispiays on the large screen Is accomplished through an
interactive graphic display console. Displays to be viewed on the large
screen are first composed on the interactive graphic display console,
then transferred fo the large screen. This role of the group display
output device was determined from data provided by users and special
evaluators throughout the experimentation period and was initially
: identifled from two observations during the CPX portion of the exper-

: imentation.

(a) During the CPX, the primary use of the large screen on both
the scribe and CRT systems was for briefings. Although situation dis-
plays were porirayed on the large screens when they were not being used
for briefings, the analysis console (editing console in the scribe
system) was where the attention of key players was focused, where dis-
plays were manipulated, and where player reception of, and reaction to,
incoming data occurred.

(b} The G2 and G3 sections formed a player group and used one
system, while another player group (the BICC) used the ovher system.
- Since each system had only one usable console (the scribe system had a
{@} st:cond console but its use interfered with the first) and one large
<creen, the G2 and G3 players were forced to share these devices. The
majority of player comments indicated that the console display, although
smaller, was satisfactory and was preferred over the large screen dis-
play mainly because the player could "do" more at the console because it
was interactive. The comments also overwhelmingly favored separate,
dedicated consoles for the G2 and G3.

WADIS,

&~ C (7) The group display output device was not found to pe an essen-

3 tial part of division level tactical display systems. However, experi-
mentation findings do not nullify it as a potentially useful component
of an automated display system. When current displays on a console need
to be viewed by a large number of people during the course of a briefing,
a device which provides for rapid display transfer and has a screen
larger than that available on the console may be justified. When the
device is not being used for briefings, it can be used to display the
current situation for the benefit of al! TOC personne! and visitors from
other headquarters.

AR TENES ki VR
Ll
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(6) The requirement for a group display output device for a dis-
play system should be based on a -ost~benefit analysis. The expected
advantages must be ccnsidered against the additional volume, weight, and
complexity imposed on the system. In each of the three systems eval-
uated, the large screen display components constituted a major part of
the system's total volume and weight. Since the disp!ay system ic
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expected to be housed in a vehicular-mounted shelter, volume and weight

considerations will impact upon the number of shelters required and the
overal! system mobility.

(9) The experimentation findings relating to the roles of the
interactive graphic display console and the group display output device
indicate a shift In emphasis from visualizing the large screen as the
central, dominant component of an automated display system to stressing

that the processor and the interactive conscle form the heart of the
display system.

b. Software. The key to user acceptance of an automated display
system is proper definition of user requirements. Meeting the require-
ments Is heavily software dependent. Suitable hardware is available or
can be deveioped, but what the hardware is able to do for the user Is
largely a function of the software (i.e., the routines that perform the
display functions which ald the user in accomplishing his mission).

(1) After user requirements have been defined, software shouid
receive first priority in the development of an automated display
system. This does not mean that initial emphasis is to be placed on
developing detailed logic flow diagrams. Rather, detailed answers
should be obtained for the question: "What procedures shouid be de-
signed to permit the user to meet his requirements with maximum ease?".
The answers should define the software required. The software will
provide vital guidance concerning hardware type and configuration.

(2) This approach defines the user's needs and identifies the
software required to meet these needs before the hardware is procured.
The logic of this approach is better than the common practice of buying
the hardware and then designing software to fit the hardware. Addi-

tionally, software comprises the bulk of system development cost, and
therefore, should receive priority.

¢. User. The individual who will actually use the equipment in
the field is the most important element in successful design of an auto-
mated system. The question asked in subparagrapn b(l) above can best
be answered by this Individual. His comments must be actively solicited
by the hardware and software designers in all stages of system develop-
ment. Violation of this principle could result In the fielding of a
system which may be rejected in favor of the current manual operation

because it does not do what is wanted, Is too complicated to operate, or
is simply too cumbersome.

(1) An automated display system must satisfy different users in a
TOC. The division G2 and G3 are considered separate users since they
have different information requirements. For example, the G3 may be
concerned with monitoring the maneuver of friendly units of battalion
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size and larger within the division area of operations. The G2 may be
interested in an area different from that of the G3 and may require the
display of particular enemy units and weapons located ir his area of
interest. User requirements will dictate the hardware configuration of
an automated display system.

(2) Automated display systems have the potential for easing the
user's transition from manual to automated operations, because they
present displays much |ike the user now employs. The display of data by
an automated display system is preferable from a user standpoint to
receiving the same data as computer printed copy for subsequent map
posting.

(3) The following quote from Parsiow, Prowse, and Green' is an
excel lent discussion of the role of an automated display system and
particularly the interactive graphic display console. The application
characteristics cited at the end of the quote are exactly those for an
automated display system in a tactical operations center!

"Graphic data processing provides a common language
of graphics and alphanumerics between the man and the
computer. A man normally thinks in terms of sketches,
drawings, graphs, letters, characters, and numbers. A
computer operates in terms of bits, bytes, and registers.

éj% This makes it difficult for the man to communicate with

Qs the computer. In the past, the burden has been on the
man; namely, he has had to convert all of his ideas and
thoughts to letters, numbers, and a few special charac-
ters. The computer, in turn, conversed back with the man
in the same medium. With the advent of graphic data
processing, the man.can work in the medium he understands
best; the computer can continue to work in the medium it
understands best, with the graphic display console acting
as an interpreter between the two. This new dimension in
man/machine communication has proved to be of value in
applications where: Graphic representation is of assist-
ance in the performance of the application, or Rapid
furn-around time is required, or Human imagination,
Jjudgement, or experience is required in the solution of
the problem,"

2-4, Narrative Discussion: Automated Display System Requirements.

a. General.

(1) This paragraph discusses requirements for the different com-
ponents of an automated display system. The intent is to state the

'Computer Graphics, R. C. Parsiow, R. W. Prowse, R. Elllot Green,
Ptenum Press, 1969,
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requirement as the end result that should be provided to the user by the
system, Therefore, the requirements are discussed from the user view-

point and are display technique independent.

(2) The requirements, as discussed, are not system specifications.
Rather, they represent user specified guidelines for those display
functions that an a:ifomated display system shauld perform. They should
be used as the basis for definition of system specifications.

(3) The requirements are grouped into five functional categories:
Viewability of displayed data; placement accuracy and display complete~
ness; map backgrounds; timeliness and ease of use; and reliability,
availability, and maintainability.

(4) Requirements are stated for an alphanumeric display console.
It should be noted that none of the three evaluated systems contained
this device, The necessity for the device arose from the observation
that a substantial amount of strictly alphanumeric data is routinely
input, displayed, or transmitted by users of an automated display
system. The input of data into the system's data base becomes particu-
farly critica! if the system operates in a "stand-~alone" mode away from
TOS and data must be input by the display system user. Although the
interactive graphic consule has the capabiiity, its use to routinely
input, display, or transmit alphanumeric data would seriously detract
from its primary function of presenting graphical situation displays.
While using the interactive graphic dispiay console to input, display,
or transmit alphanumeric Jata, the user is unable to view and interact
with graphical situ3tion data on the consofe. Thus, the full capabilities
of the interactive console are not exercised. Ouring the CPX, a DEVTOS
alphanumeric display console called the message input and output device
(MIOD) was used by the automated display system users to query the
DEVTOS data base.

o~

)

b. Viewability of displayed data. A primary requirement for any
display is that it be viewable. Viewability is defined as the legibility
of individual symbols and the overali comprehensibility of a tactical
display. Displays must be both legible and comprehensibie to be of
value. The viewability requirements for the devices of an automated
display system are listed below:

(1) Interactive graphic display console (individual display).

(a) The symbols required to be displayed on the console are the
64-character American S$tandard Code for Information Interchange (ASCII.
set; selected FM 2{-30 symbols; symbology added to the symbol generator
by the user; circles; ellipses; and freehand graphics., The symbols
which are recommended to be a part of the permanent symbof qenerator are
listed in subparagraph e below., Many of the symbols in FM 2130 are not
used frequently enough to justify character generation on a2 full-time
basis. The additional hardware and software that would be required for
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full-time character generation of all symbols in FM 21-30 is prohibitive.
Howeve,”, the system must allow the user to easily add a number of addi-
tional symbols to the character generator on an "as-reguired" basis.

This requirement-is ciscussed in subparagraph e below. The freehand
graphic symbols found in FM 21-30 such as the symbo!s for objectives and
axes of advance will require approximation by variable length line
segments, since they do not lend themselves fo characfer generation
because of their varlable size, shape, and direction.

(b)Y A mini.num of *three colors is required. Three colors allow
distinction of friendly, enemy, and confrol measure symbols. Distinc-
tion of friendly syrbols from enemy symbols is possible on a one color
display by means of shape couing. However, the enhanced ability of the
use!* to readily distinguish between color coded enemy and friendly
symbols at a glance is required to preclude delay in their discrimin-
ation., Use of a third color to drpict control measures further enhances
the user's ability to distinguish between the three types of informa-
tion. Four to six colors are desirablz. The extra colors allow the
highlighting of selected symbols or the coior coding of particular
categories of information. The main factor to consider in selecting
colors is their legibility. Red and blue are fraditional but not abso-
lutely necessary. Symbol color selection must be based upon obtaining a
high degree of contrast in relation to the colors used for the map
backgrounds. A discussion of map backyround cclars can be found in
subparagraph d below.

(c} The symbology should be fully legible to the operator under
normal office lighting (70 foot-candles at desk top level). This
reduces the eyestrain and fatiqgue of individuals working in the immedi-
ate area. Full legibility of the symbology with desk lamps at each work
space and no overhead iights is marginally acceptable. Full legibility
is defined as easy identification by the console operator of any symboi
contained in a2 tactical situatior display.

td) The console must be designed with one optimum symbol size in
mind. However, symboel size should be under user cantfrol. The opararor
should be able To increase or decrease (within limits) the size of the
symbols. Whanever a change in size is made, all symbols in the display
change. |t is desired thet the size selection be coniinuous but discrete
sizes are acceptable as long as a number of sizes are provided. The
selection of an optimum symhol size shouid be based upon obtaining
symbols that are friiy legitle to the console operator under the required
lighting conditions. However, the symbols must be smali enough 15
present a tacticzl situation display that is not unduly cluttered. Thic
hinges, in part, on the size of the console screen, The screen must he
farge encugh to depict a tactical situation, but It must not be so farqe
that it causes the operator undue eye and head movement. The greatest
number of military unit symbols required to be dispiayed at one time on
a division tactical dispiav is estinated as 75, The average number i<
estimated as 49.
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(e) Operator eye and head movement are influenced by two factors:
screen size and the distance of the operator from the screen. It is
assumed that the screen will be located within arm's reach of the oper-
ator., This seems a reasonable assumption based on the fact that most
individual display console screens in existence, regardless of applica-
tion, are located less than an arm's length from the operator.

(f) The displayed symbology must have no discernible fiicker. The
console operator must be able to confrol the brightness of the dynamic
symbology and the brightness of the background. Overall brightness
confrol allows adjustment to suit the ambient light environment, The
brightness of each dynamic symboi color and of each map feature color
should also be under user control. This allows the cperatcr to subdue
categories of information which at a particular moment are not of signif-
icant interest or which detract from other information.

(g) Fully automatic declutter (oifset), upon initial display, of
any symbot for a military unit, spot report, sensor location, etc., is
required. Control measures are not declutterable. Declutter |ines must
be directly attached to the decluttered symbol. Newly entered symbols
shou!d be displayed so that they do not overlap evisting symbols, but
they should be displayed as close to their true p sition as possibile.
Symbcls alresdy in the display should not be readjusted, since the oper-
ator's perspective could be affected. The operator must have the abil-
ity, however, to declutter symbols manually. He should also have the
abiii*y to cause a complete, automatic re-drclutter of the display when
desired. This re-deciutfer relocates all symbols based upon the cri-
teria of the shortest possible declutter lines and no syrbol overlap.
Each svmbol shou!d be considered equally in the re-deciutter. Priority
of entiy should have no eftect.

(hs Before automatically decluttering a newly input military unit
headquarters symbol, the system must determine if the new symbol is co-
located with another military unit headquarters in the display. If so,
the new symbcl and the co-!ocated symbol(s) must be "stacked" (they
shoula be piaced on one staff). The stack should he automatically
deciutterad if necessary.

(2) Group displav output device.

{a) Tne symbols required to be displaved on the group display aro
the same as those for the ~nnsole: the 64-character ASCI! set; selected
FM 71--30 ymbois; symbolog ided to the symbol generator by the user;
circles; eilipses; and freehand grophics. The symbol style and propor-
tion =mst match 1o se used on the console. This is to prevent identical
di~plays or. the . ‘evices from appearing different when, in fact, they
are not, All displays on the console should be displayable on the
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group display. The group display scene must appear to be an enlargement
of the console dispiay scene. However, this does not mean that the
group display must always show the same display scene as the console.
The group display must be able to show display scenes independent of
those shown concurrently on the consoles.

{b) The color requirement for the group display is identical to
that for the console. However, technological !imitations which prevent
the obtainment of an equal number of colors on both devices should not
limit the number used on the unaffected device. For example, cost and
other considerations may cause three or more colors on the group display
to be impractical, but a four-color display on the console may be no
more costly than a two-color display. In this case, the console display
should not be limited to two colors. However, both devices should use
the same colors to depict enemy symbols and friendly symbolis.,

(c) The group display should be fuily legible under normai office
lighting (70 foot-candies at desk top level). This requirement could be
relaxed to as low as 30 foot-candies since the group display is primarily
used for briefings. Thirty foot-candles is the amount of |ight reauired
for note taking. Full legibility is defined as easy icentification by
any viewer in an audience of 20 people of every symbol in a tactical
situation display.

(d) Like the consols, the group display must be designed with one
optimum symbol size in mind, and this size should be variable by the
operator. The selected size should be independent of the size selected
on the console. However, when a display is initially transferred 7o *he
group display, the operator should have the option of allowing it to
appear in a size proportioned to the size selected on the console. The
optimum symbol size should be small enough to present a tactical sit-
uation display that is not unduly cluttered., Symbol clutter is dependent
upon symbol size, number of symbols, ang screen size. The group display
must be large enough to comprehensively present a tactical situation
display 1t~ an audience of at least Z0 people.

(e) The displayed symbology must have no discernible flicker. The
brightness of each dynamic symbo!l color and of each map feature color
should be under user conirol. This allows the operator to subdue cate-
gories of information which at a particuiar moment are not of signif-
icance or which detract from other information., {1 also allows the
operator to adjust for the ambient light environment. The user must, a-
a minimum, be able to vary the cverall brightness of the dynamic symbnli-
ogy and the overall brightness of the map background.

(f) Symbol declutter shouid pose no prcblem tor the group display.
since all displays shown on this device are first adited oan the console.
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(3) Map overlay output device.

(a) The symbols required for output on this device are the same as
for the console: the 64~-character ASCl! set; selected FM 21-30 symbols;
symbology added to the symbol generator by the user; circles; ellipses;
and freehand graphics. The symbol style and proportion must match those
used on the console. This is to prevent an overlay from appearing
different from the console display when, in fact, it is not. All dis-

. play scenes on the console should be reproducible in muitiple copy on
: the hard copier,

(b} The three color requirement for the console is desired on the ,"
map overlay output device.
(c) The overlay must be capable of being output on transparent ' . .

material. This allows placement of the resulting overiay on & standard ;
military topographic paper map where it will normally be used. The :
contrast of the symbcls against the standard military topographic paper

map is an important consideration. This requirement is not intended to

exc lude output on other material such as paper.

- (d} The symboiogy when shown against a standard military topo-

E graphic paper map must be fully legible in as littie as 30 foot-candles

2 of ambient light, since low ambient light levels may exist where the .
overlays will be used.

yLe
<

(e} Only one symbol size is required. The size should be selected
. so that the symbols are fully legible to the individuals working with 3
3 map board under 30 foot-candles of |light. However, the symbols must be
3 small enough to present a tactical situation display that is not unduly
cluttered. The map area of coverage must be identical to that of the
2 consoie. However, the physical size of the output will correspond or a
E | to | ratio with the standard military topographic paper map (i.e., a
% 5n-ki lometer square area of coverage on an output scale of 1:50,000 will
[ measure | meter by | meter on the map overlay output). This allows a
standard topographic paper map to be used as a background.

(4) Printer.

(a) The characters in the 64-character ASCi| set are the only .
symbols required for output by the printer,

(b) The size, style, and proportion of the characters must be
fully fegible to the user when they are viewed ac lines of print in as
little as 30 foot-candies of ambient light.

(5} Alphanumeric display consoic.
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(a) The symbots required to be displayed on the console are the
64-character ASCi! set. Message formats and tabular chart outlines,
either completed or to be compieted, will aiso be displayed.

(b) Two colors are desirable. The second color allevs message
format and tabuliar chart outiines to he readiiy distinguished from the
dynamic data.

(c) Screen size Is affected by the distance of the operater from
4 the screen, character slize, and number of characters to be displayed.
o The operator will be within arm's reach of the screen. The screen size
should be designed to dispiay approximately 1,500 characters. This is
the number of characters specified for the MIOD in the TOS MN document.

}i %% . Only one character size !s required.
E %ﬁ (d) Displays on the console must be fully legible under normal
3 & office lighting (70 foot-candiss at desk top level). This reduces the
3 % eyestrain and fatigue of individuals working In the immediate area and
3 = Is well within the capability of available alphanumeric display conscles.
E % Full legibllity is defined as easy identification by the console oper-
3 % ator of any symbol in the display. The operator must be able to adjust
& the brightness of the display to sult the amblient light environment by
3 g means of a brightness control located on the console.
,i % i@; c. Placement accuracy and display completeness.
E % (1) When a user views a displayed tactical situation, the data
. g items defining the tactical situation must be accurately positioned
g against the appropriate map background. In addition, the dispiay must
5 be complete (i.e., all data items which belong in the area of coverage,
3 3 if they are contained in an Information category selected for display,
3 % must be present on the display).
= =
3 Z (2) Placement accuracy is defined as the ability of the system to
E position a data item at a specified location on a map background.
£ Current manual procedures for plotting symbols against the {:50,000
3 3 scale standard military map have an inherent plotting accuracy. The
3 g average individual updating & map In the TOC will, with few exceptions,
. 3 position a glven symbol within 100 meters of its specified map location.
Z Most display users in the operations and intellligence sections of the
b g TOC are concerned with the effect that symbol placement accuracy has on
3 z the evaluation of the positional relationships of the displayed symbois.
3 z While s users may require greater accuracy, the inherent accuracy of
3 § manual map posting is acceptable to most users in the TOC.
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{3) Data items superimposed against a map background on the inter-
active graphic display console and on the group display must appear to
be no more than 100 meters from the specified map location. This
1CC-meter !imit applies for any method of data item location: keyboard
coordinate entry, coordinates fransmitted from an outside ADP source,
points transmitted from the map overlay input device, or direct entry by
pointing to the location on the console. The 100-meter |imit also
applies regardless of the size of the area of coverage being viewed.

For example, if a data item is perceived to be within 100 mefers of its
specified map location on a 50~kilometer by 50-kilometer area, it
should appear to remain within 100 meters when a |0~kilometer by

10-ki lometer blowup of the data item's location is displayed and vice
versa.

(4) The accuracy requirements discussed in (2) and (3) above refer
to what is expected when the system dispfays dynamic symboiogy against a
map background. A separate requirement is the accuracy returned when
the system is queried as to the Universal Transverse Mercator (UTM)
coordinates of a displayed data Ttem, The system accuracy for all data
item locations entered as specific UTM coordinates (i.e., keyboard entry
and coordinaies from an outside ADP source) must be exact. |f a data
item location is entered as a 4-, 6-, or 8-digit coordinate, the system,
when queried, must return the coordinate exactly as entered. The coor-
dinate provided in reply to a query for data items entered by pointing
and for locations entered through the map overlay input device must be
no more than 100 meters from the apparent map location of the data item.

(5) Data item placement accuracy requirements also affect the map
overlay Input device and the map overlay output device. The map back-
ground used on the map overliay input device must be registered in such a
manner that a data Item entered as a series of polnts from either the
overiay or the map will, if displayed on the console or group display,
have the points displayed no more than 100 meters from the points en-
ierec through the device. The overlays produced by the map overlay
cutpt device will be used in conjunction with standard miiitary topo-
graphic maps. When the overlay is placed over these maps, the data
items must be no more than 100 meters from the symbol locations used to
input the overlay to the system.

(6) Display completeness is defined as the display of alf data
items in the currently selected information categories which have
coordinate locations within the selected map background area of cover-
age.

(7) Data items are located either with single points (e.g., a

military unit or a coordinating point) or with multiple points (e.qg., a
unit boundary or a trench line), Data items located with singie points
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must be completely displayed if the point is inside the selected area of
coverage. This may require the automatic decluttering of the data item
to ensure that the entlre item appears in the area of coverage such as
when a military unit location Is at the tcp edge ot the background.

(8) if any part of a multiple-noint Jata item is in the selected
area of coverage, that part within the area of coverage must be dis-
played. The part to be displayed must include all polnts of the data
item up to and incliuding those at the intersection of the item with an
edge {(or edges) of the map background.

(9) Incoming messages from outside ADP sources (e.g., TOS) will
E o8 affect individual military symbol completeness when the message defines
B iE a military unit whose branch duty symbol is not in the system's perma-

3 nent branch symbol library. To ensure that the data item is complete,
the system must display at least the first four aiphanumeric characters
of the branch duty designation (from the Incoming message) inside The
rectangle where the branch duty symbol normally appears. The user may
then replace the alphanumeric characters with a previously created
symbol or with a symbol which he creates.

e
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d. Map backgrounds.
E (1) General.

(a) A map background Is an essential part of any tactical situa-
tion display. The display of the situation is relatively useiess unless
the symbology is superimposed upon a map background, thereby crienting
the symbology to the terrain. The majority of symbols on a display are
input as single map locations or as a series of map locations, normally
UTM grld coordinates (e.g., "HQ, 533d Mech Division is at PL 235692%;
"the left boundary of the Ist Brigade extends from XT 127608 to XT {19672.").

(b} Map backgrounds have three generz! uses in a TOC:

| Comprehension of the overall situation. For this purpose, the
user Ts located at a distance far enough from the display to view the
entire area of coverage without excessive eye and head movement, He is
not Interested in being able to read al! detal! on the standard military
topographic map but uses the map to provide general corientation for the
superimposed symbology. Orlentation is accompiished by relating the
symbnlogy to significant map features such as roads and highways, fowns,
hill masses, rivers, and perhaps major grid lines. The 1:50,000 scaie
standard military topographic map normaily used in TOC's is not lideally
suited for this use, because of the large amount of detail on i+. A
cu.~n solution is the annotering and/or highlighting of the significant
mag features with grease penclis or colored ink pens to provide easy
legibility at a distance.
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2 More detailed inspection of the terrain at or in the vicinity of
a superimposed symbol or symbols. In this case the user Is interested
in a more exact relationship of the symbols to the terrain. He is for
+the moment not interested in the entire area of coverage but moves
closer to the map and "zooms in" on the small portion of the overall
area where the symbols of interest are displayed. He moves as close as
is necessary to view the amount of map detall he requires, which may
well be all map detail.

3 Terrain analysis w!thout superimposed symbolcgy. For exanople,
when selecting the best terrain upon which to establish a defense or
when planning a route of movement, the user wants to view the map back-
ground with no superimposed dynamic symbology. Depending upon the
user's mission, he may require varying degrees of map detaii. In one
instance, the primary and secondary road network may be all that he
needs to plan a route of movement. In another Instance, he may also
want to study the contour lines to obtain a detaiied mental picture of
the shape of the terrain. This use of a map is prevalent in the plan-
ning functions of a TOC.

(c) Each of the three general uses of background maps described
above has Its own peculiar requirements for area of map coverage and
level of terrain detail. Not only do these requirements differ from
echelon to echelon, but they also vary among users at each echelon. For
example, the division G3 monitoring the friendly situation may require
a background showing only major rivers, roads, towns, and grid lines,
while a user in the G3 plans section may require a background with all
the detall of the 1:50,000 scale standard milltary topographic map in
order to determine and compare courses of action for an upcoming oper-
ation,

(d) An automated display system must be capable of displaying map
backgrounds for the thres uses described above. This impiies that the
system's map background display capability must meet differing user
requirements for area of coverage and level of terrain detail. The
obvious problem is the attainment of map detail legibility on the
relatively small console screen. It is not reallstic, nor desirable, to
expect the legibllity found on paper maps from the overall situation
maps which will be displayed on the console. First of all, even if
technology could faithfully preserve all detall in the console “isplay,
the ability of the human eye to resolve fine detail which has been
greatly reduced in size becomes the constraining limitation. Secondly,
it was noted in subparagraph (b)| above that a user viewing the entire
area of coverage focuses only on significant map features, and therefore
does not require all available map detail. For this type of viewing, a
map background speciflcally highiighting those map features significant
to the user (analogous to the map annotating and/or highlighting currently
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done in the TOC) is preferabie to the display of the standard topo-
graphic mifitary map. The console, however, has the potential for meet-
ing the two uses which require a more detalled map inspection, because
it can be the instrument to allow the user to "zoom in" on a smaller
portion of the overall area of coverage. Thus, if a console map display
of a portion of the overall area has a display scale of 1:50,000 (i.e.,
2 centimeters on the screen represents | kilometer) or larger, the
legibllity of the displayed map detail would ideally be nc less than
that of the standard military fopographic map.

(e} If the map backgreund displayed on the console does not have
the Jdegree of legibility desired by the user, then a map board with a
hard copy map could be placed near the console for those instances when
the user requires legibility of detail (for portions of the overall
area) not attainabie on the console screen, This map board couid also
assist in continuity of operations (CONOPS), where system degradation or
TOC displacement may preclude continued presentation of displtayed data.
In these: instances, the user may be foiced to revert to other procedures
which Include the temporary use of manual cCisplays.

(f} The larger screen of the group display output device offers
the potential advantages of legibility at least equal to the standard
miiitary topographic map. However, the primary use of the device is for
group viewing, Use of the device by individual users for the viewing of
map backgrounds with a high level of detail might interfere with this
primary use.

(2) Interactive graphic gisplay console (individual display).

(a) Map backgrounds based on the UfM grid system will normally be
displayed on the consoie, MHowever, the console should be able fo
accommodate other military grid systems. The UTM grid system requires 3
that the console be able to display areas of coverage which include the :
Jjunction of two or more map sheets and the junction of two or more
100,000-meter grid zones.

(b} The console muut be able to display an area of coverage large
enough to permit superimposing dynamic symbology for most user tactical
sifuation displays. User data indicates that an area at least 5G kilo-
meters by 50 kilometers is required for an overall situation display of
an armored or mechanized division, The console screen size must be
designed to provide this area ~f coverage. |t is assumed that ‘the
screen is within easy arm's reach of the operator. The operator must be
able to view the entire screen imaqge area from thic distance without
undue eye and head movoment,
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(c) When the user changes the area of coverage displayed on the
screen, user specified dynamic symbology in the new area of coverage
must be automatically dispiayed on the new area at the appropriate map
locations. This requirement applies if the new area is a magnification
of a small portion of the oild area, if it includes ali or a portion of
the old area, or if It does not include any portion of the old area.

(d) Map backgrounds displayed on the console screen must he fully
legible under the dynamic symbology ambient light requirement. Fuli
legibility is defined as the abli!lity of the operator ‘o easily identify
sach and every item of map data displayed. A data item which is not
legible is of no informational value. To enhance legibility, rhere
shouid be a high degree of contrast between colors used for the dynamic
symbology and the colors which represent map data. Colors used on cur-
rent hard copy maps are red, green, blue, brown, and black. This com-
binution may not be the best for an automated display system. As was
the case for dynamic symbology, selection of colors to represent map
data on a dispiay shou!d be based primarily on providing maximum legi-
bi*.ry and shouid hot be based on tradition.

(e) The console operator should be able to vary the brightness of
the colors used for specific map features (e.g., roads, vegetation,
rivers). He must, as 2 minimum, be able to vary the brightness of the
entire map background without altering the brightness of the dynamic
symbology. This capability, combined with the ability to vary the
intensity of dynamic symbclogy, allows the user to con:entrate on
dynamic symbology or map data as desired.

(f) The console must be able to dis.lay backgrcunds which meet the
user's requirements for varying area of coverage and selective level of
map detail. 1ideally, the user should be able to specify the desired
area of coverage by providing the system with the coordinates of any two
diagonal corner points. The system then automatically displays the
desired area on the full screen image area. The cperator must have the
i option toc number or otherwise identify the area for convenient recall.

‘ Thus, the area can be taliored for the particular situation, whether it

; be | kilometer by | kilometer or 50 kilometers by 50 kilometers.

! Ideally, the user should also be able to tailor the level of map detaii
to the situation by being able to display specific mep features (grid
lines, roads, contours, rivers, etc.) individually, or in combinaticn,
for the defined area of coverage. For each specific map feature, the
user should be able to select more or {ess detail (e.g., grid lines I, 5,
or i10 kilometers apart; primary roads only or primary and secondary
roads; contour intervals of 100, 200, or 500 meters).

(g) A study should be conducted to determine the vechniques that
could be employed o provide the solution to the requirement for tailor-
ing of both the area of coverage and the level of map detail. Ultimately,
the Army will be responsible for providing the map data in the form to
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be used for the map background display technique selected. Consequent-
ly, the feasibiliity, advantages, disadvantages, and cosis of all avall-
able map background display techniques should be tha subject of a study.

1 One tectniguz which may have potential Is the definition of map
date In digital form. !¢ is recognized that problems are involved in
the conversion of hard ¢ py map data (particularly confours) to digital
data and in the sforage of this data, However, map data in digital form
Is directly processable for display by an automated display system and,
more Importantly, can be selectively retrieved by map feature or features
(e.g., grid lines, roads, contours, rivers) for a selectively defined

. area.

s

2 Another fechnique which could permit selectively variable area
of coverage is that which uses an optical system to focus on a specified
subarea of a very large area. The optical scanner can be controlled to
move in the proper horizoutal and vertical directions to the center of
the desired area of coverage, then "zoom in" or "zoom out" as necessary
to project the correct area size on the consols screen. A variation of
this technlque is the uso ot a felevision camera to perform the function
of the optical scanner.
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2 A state-oi-1he-ai i fechnique which can be employed to display
map dats is the use of disuiefe on-iine backgrounds, selectively retriev-
- able, which contain variation in both area of coverage and level of map
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ii; detail. This vs «ct the upiimgm sclution but may have to be accepted
until technoiog, perieiis otleinment of rhe ideal described earlier. If
this technique is empioyeu, the foliowing requirements apply: ¢
a The available backirounds must be on-line and retrievable within 3
I5 seconds. The capabiiity to reliieve and display a backyround within z
5 seconds s highly gesiraric. Fifieen seconds Is the maximum time that
3 a user can Lg expiied 1 vao witheut incenvenience for the retrieval
% of a backgreund. Inc wssr rw T @'50 be able to 20d to or delete from
£ the number of c.ailabie 70 5. unds,
% " i Regisiration of 2 new background (i.e., defining for the system
2 the limits of The ares: v i .oguire the operator to only point at and
input the ulid coorairatss of an, two grid intersections diagonally
. located in relation o each Grher. 1he background must not have to be
exactly horlzontal, verrvical, or centerea. Once reg'istered, the back-
groung musi be aveiiabla for display without re-registration each time
1t is retriaved.
> % ¢ Backgrounus to bg used for displiay of the overall division
% situation must have zr area i coverage uo less than 50 kilometers by
: & 50 kilometers. Map: tor i.'s use do not require all map detail. However,
¥ the map data must be onioried or highlighted, and lelters an: numbers
- o> 61
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may have to be larger than those found on standard military topographic
maps in order to provide full legibility. Backgrounds with selected

combinations of map detail are required. Overlap must be provided to
allow for continuity of background area of coverage.

d Backgrounds which magnify smaller portions of the 50-kilometer
by 50-kilometer backgrounds must be provided. A sufficient number (four
to nine may be sufficient depending upon the size of the console screen)
of blowups should be avallable such that the composite area of each 50-
kilometer by 50-kilometer background can be shown in magnified form.

The blowups need not overlap but must contain no less detail than that
found on the 1:50,000 scale standard military topogrephic map, and, when
dispiayed, must be fully legibie. The blowups provide the high leve! of
map detall necessary for a more detailed inspection of ihe map back-
ground data elither with or without superimposed symbology.

e A study should be conducted to determine a means for providing
overlap of background areas, the levels of map detail required, and the
number of smalier areas required to provide adequate magnification of
each 50-kilometer by 50-kilometer area. The finaings pertaining to the
adequacy of the map background technique used by each system (section
111) point to the need for this study.

(3) Group dispiay cutput device.

3

£
Qm

(a) The tactical situation displays on the group displiay output
davice are intended primarily for viewing by a number of persons. The
audience size will vary, but user data indicates that viewers in a
division TOC normally will not exceed 20.

(b) The envisioned use of the group display output device presents
unique requirements pertaining to screen size, legibility of map aata,
and background ievel of detail. With the exception of these require-
ments, which are discussed in the following paragraphs, all map back-
ground regquirements stated for the interactive graphic display console
app!y equally to the group display output device.

(c) The screen of the group display must be large enough to com-
prehensively present a division tactical situation display to an audi-
ence of 20 people and must provide map background coverage for an area
no less than 50 kilometers by 50 kilometers, Map backgrounds on the
group dispiay should be displayed independent of the backgrounds on the
consolit This permits a map area to remain on the group display even
though different map areas are shown on the controlling conscles. The
map backgrounds which are used to present the overalf division situation
must be fully legible when viewed under the ambient |ight requirement
for dynamic symbology legibility., Full legiblility is defined as the
ability of any individual in the audience to easily identify every item

62

*e




e R

BN R T e S
S R i

R SR e R B S R L R e e e

s ", mmr‘:‘@twwu BRI R

<
=
2
&

e e kT Gr e e PP et . 2 i o
S s P T 2 I e S S e L o R RTINS e S e ST AR v FSIIAKE B P T sar i T e =

, RESSSESERR

:

of map data on the displayed background. The backgrounds used for
display of the overall tactical situation must be identical in area of
coverage and {evel of detail to the backgrounds used on the console for
the same purposc. This is the primary background type required for the
group display.

(d) In addition to the vverall tactical situation display back-
ground requirement, the ability to display a map background with a
dagree of defail equal to the standard military |:50,000 topngraphic map
and with an area of coverage no less than 50 kilometers by 50 kilometers
is desirable. The legibility of map detail on this background should be
no less than that of ‘the standard military topographic map. The avaii-
ability of this background not only permits viewing of greater map
detail but also allows the user to better associate the mup display to
the standard military fopographic map with which he is familiar. The
viewer may have to move closer to the background to identify all detail.

(e) It is also desirable fo display backgrounds which are iden-
tical to the blowups on the console. These backgrounds can be used when
one or more individuals in the audience desire more map detail. The
interested individuals may have to move closer to the screen to identify

all detail.

(f) 1f on-line discrefe background maps are used, a means for
their initial registration will be reauired. Once registered, they
should not require re-registration,

(4) Map overlay input device.
(a) The map overlay input device can serve two purposes in a TOC:

1 The input to the system of freehand graphic data such as that
tound ¢n an operation cvertay {e.g., symbols for boundaries, objectives,
phase lines),

Z The input to the system of actual map data (e.g., outlining a
hill mass) to altow the user to higalight or modify displayed map back-
grounds.

(b) Either use of the device requires that the overlay or the
actuail map sheet be placed on the device and the data to he input then
traced or input to the system in some manner. The device must be large
enough To accommogate the map area of coverage for the majority of div-
ision tactical situations (i.e., no less than 50 kifometers by 50 kilo-
meters). ‘“he size of a 50-kilometer by 50-kilometer area on a scale of
1:50,000 (the scale of maps most widely used in the division) is | meter
by | meter,
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(c) Entry of map data or overlay data requires that the map or
overlay be registered. The registration must only require an operator
to point at and input the UTM coordinates of any two grid intersections
diagonally located in reiation to each other. The map must not have to
be exactly horizontal, vertical, or centered. The device must be able
to accept for registration maps which use the UTM grid system. Map
areas to be registered may include the junction of two or more map
sheets and the junction of fwo or more 100,000-meter grid zones. The
device should accept maps of any scale but must, as a minimum, accept
maps with a scale of 1:25,000, |:50,000, i:100,000, and |:250,000.

(5) Map overlay output device.

(a) The map overiay output device requires a copy size sufficient
to provide the same area of map coverage as that required for the inter-
active graphic display console. Tha map overlay output device copy size
must be at least | meter by | meter. This allows the complete output of
mos+ division tactical situation displays for the most commonly used
scale and required area of coverage. A 50-kilometer by 50~kilometer
area of coverage on a 1:50,000 scale standard military map measures
| meter by | meter.

(b) Division tactical overlays will normaiiy be used with standard
scale military maps and therefore must have a | to | ratio with these
maps. However, the device should have the abiiity to provide copy to
any scale desired. As a minimum, the operator must be able to specify
scales of 1:25,000, 1:50,000, |:100,000, and }:250,000.

e. Timeliness and ease of use.

{1) General.

(a' User acceptance of an automated display system will be greatly
influenced by how easy it is to interact with. This is directly affected
by how easy the operating procedures are to learn and use as well as how
quickly the system responds to each step of a procedure. ldeally, the
procedures should be so easy to iearn and use that a commander or staff
officer could operate the system after watching someone else for a very
short period. This, along with a greatly increased ability over manual
methods fo. performing information dispiay functions in the conduct of
tactical operations, will assure user acceptance.

(b) Subparagraph e addresses automated display system requirements
for time:iness and ease of use. The detailed operating procedures are
presented as a guide rather than as ginm nequinements. The procedures
serve twc purposes:

I To outline the interactive capabilities that automated display
systems must have to effectively assist the user in meeting his informa~
tion display requirements.

64

i




hfectly ik

G L HEN T P § AR 5 e E BRI R A

Y o v, ot
i My e B,
W }ﬂ%m&ﬁ%p‘ A VR R

TR I AR A e

vy i i it \: £ R
RTRBTURY P BRI O R R P T SR S e S R
. .

o
{

t'ﬂﬁﬂ:x

y

'

2 To illustrate the degree of sdimplicity that each procedure
shculd have. The two primary factors which must be considered in the
design of operating procedures are the ease with which Tthe procedures
can be learned and the ease with which they can be used.

(c) It will be noted that the procedures use function pushbuttons.
User comments during the experiment indicated that pushbuttons were
preferred over "menu selection™ by light pen or typed alphanumeric
comnands. Preference tor pushbuttons was influenced by the ease with
which pushtutron procedures were learned and remembered. This ease
resulted from the logical grouping, individua! identification, and
straightforward use of pushbuttons,

(d) The preference for pushbuttons is not iniended to mean that
pushbutfoiz re to be used for every step in each procedure presented.
In tact, ihe rotal number of pushbuttons required may be excessive if
pushbuttons are used exclusively for t+e implementation of all the
procedures presented. Pushbuttons merely provide a convenient means of
standardizing the description of the proceduras.

(e) A human engineering study is required to determine the best
design for incorpoirating the procedures fto be used. The optimum design
may involve the use of pushbuttons in conjunction with other techniques.
For example, pushbuttons could be used when the steps in a procedure are
few or to initiate the key steps of a long procedure. "Menu selection”
or some other appropriate technigue could be employed (after the step is
initiated by a pushbutfon) if the use of pushbuttons for subsequent
procedure steps would be improctical or inefficient when considered in
the context of the overall design.

(f) The pushbuttons used in the descripticon of the procedures can
be illuminated and are either on (lit) or off depending on their stafe
before the operator touches fhem. This gives the operator positive
feedback that his inferaction has been sensed by the computer. It aiso
provides & resay reference as to which pushbuttcias are currently activ-
ated. In addition, the computer is able to light or Turn off any and
all pushbuttons. This feature assists in leading the operator through
the key steps of an operating procedure by allowing the computer to
indicate (by blinking or coior change) the possible pushbuttor selec-
tions in an operational sequence. Any technique used in lieu of push-
buttons should also lead the operator through the key steps _f the
operating procedures.

(2) Interactive graphic display console (individual dispiay).

(a) General.

I The usefulness of an automated.data base is directly influenced
by the ease and tTimeliness with which the user can interact with it.
The primary device for user interaction is the console. The system must

65

N

%,

f%




AV T

S S Mot R I LR MR R P LA G T ) o

T

[

i
I

A

lead the operator through each key step of the operating procedures.

For example, if function pushbuttons are used, the system could be pro~
grammed to |ight appropriate pushbuttons to show the operator his choice
of alternatives at each step in the procedure. In this case, the push-
buttons should be it in a color selected to identify them as available
alternatives and fto differentiate them from pushbuttons which are merely
activated.

2 The console operator must be able to add, deiete, correct, move,
and deciutter (offset) any tactical situation display data item.
instantaneous, visual feedback of the operator's acticns is required for
all manipulations, Data manipulation requires a means for positioning
newly created or moved items and also a means for indicating which item
in the display is to be deleted, corrected, moved, or deciuttered.

3 There are two basic methods for positioning a data item. One
method is the use of a map background to "eyeball® the desired location.
This position is then indicated to the system by pointing. The other
method is by keyboard entry of the coordinates. The console must give
the aparator the option of using either method. The first method is
generally used when the exact location is not critical or when the
nosition needs to be determined through map inspection. Coordinate
entry is used for data items with specific coordinates., Coordinate
enftry must not -equire grid zone designation (entry of grid zone desig-
nation shotid be optional)., Additionally it must allow a 4-, 6-, or 8-
digit entry depending upon operator preference. The map currently
registerad and displayed can be used by the system to interpret the
voordinates entered ty the operator.

4 The preferred method for the selection of items to be deleted,
corrected, deciuttered, or moved is to point at the item. ideally, the
operator should be abie o indicate which Item is to be manipulated by
touching it with his finger, provided the technology, cost, and com-
plexity of implementation support this method, Other iess desirabie

(but state-of-the-art) methods for pointing are light pens and trackball-

or loystick~controlled curso- ,

5 The addition, deletion, correction, dsclutter, or movement of

aisplay data items must require a minimum of operator effort and training.

There are three basic types of data items They are alphanumerics, mii-
itary unit symbols, and graphics. The t»'lowing procedures for the man-
ipulation of the three types of data items are meant to be a guide
rather than an absolute. The intent of each procedure is to provide
maximum ease of use,

(b) Data item creation. Data ‘tem creaticn should require a pro-
cedure similar ro that listed below:

| Press the CREATE data item pushbuiton.
66
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2 Select the categories the data item will be a member of by
pressing the appropriate category pushbuttons., (See subparagraph (i)
below.) ‘

3 Press one of three data type pushbuttons: A/N, MILITARY SYMBOL,
or GRAPHIC.

4 Press the desired color pushbutron (e.g., RED for red).

5 Point to the desired location on the screen or type in the
coordinate location. (There should be visual! feedback whenever a coor-
dinate is typed to alliow the operator to determine if the correct
coordinate is being typed.)

e 1% e
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6 Create the desired item by using the procedure discussed in the
following subparagraphs.

a Alphanumerics.

(1) Alphanumerics are most effectively created with the ASCI| key-
board.” A special key for the coordinate position dot associated with
some alphanumerics (e.g., e TANK, e TRUCK) must be provided, since the
ASCH1 period does not stand out and its location is generally not pre-
cise., A marker must appear on the screen to indicate to the operator

. the position of the next character to be added.

(2) The ability to space left, right, up, .nd down is required to
allow the operator to format the data item ro su’t nis needs. He must
also be able to backspace in order to make corrections.

RS N T R

b Military unit symbols.

o B0 g e e

(1} in creating military unit zymbols, pushbuttons should be used
to select a headquarters, center of mass, or trains symbol. |f the
symbol Is to depict a proposed or task force symbol, the appropriate
pushbuttons should be pressed. Branch duty symbol selection is then
accompl ished by pressing a pushbutton. The following branch duty symbol
pushbuttons should be provided:

i

oy Poa #a

o

n

ko

A1RBORNE ARMOR ENGINEER AIR DEFENSE
ARTILLERY AVIATION INFANTRY

AIRMOBI LE CAVALRY MA|INTENANCE

ANT | TANK CHEMICAL PHYCHOLOGICAL OPERATIONS
FIELD ARTILLERY ENGINEER, BRIDGE  SIGNAL

TRANSPORTATION

(2) At jeast 10 additional pushbuttons must be provided ior oper-
- ator created branch duty symbols. (See subparagraph (g) beiow for

: creation procedures.) The operator must have the option of superimpos~
ing at least two branch symbols (e.g., armor, infaniry) in the creation
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of a miiitary unlt symbol. An easily identifiable point such as the
lower left corner of the flag should be estabiished as the iocation of
flag symbols with no staffs. The system should lead the operator through
the addition of the left and right identifications and the echelon. A
marker wnust advance automatically fto each of these locations., Each
location must aliow for the entry of up to four ASC!I characters,

¢ Graphics.

(1) The creation of graphic items such as bound:, ies, frontline
traces, trench lines, and freehand symbols by a series of short |ine
segments must be possible by both pointing and coordinate locat.on. The
procedure should require only that the operator specify the points of
inflection, the end point, and the type graphic (solid line, dashed
line, trench symbol) being created. The following line~type graphic
symbol pushbuttons should be provided:

SOLID LINE DASHED LINE

TRENCH, BASIC SYMBOL TANK OBSTACLE, TYPE UNSPECIFIED

WIRC, CONCERTINA, SINGLE LINE OF CONTACT (defensive front-
1ine trace)

At least iwo additional pushbuttons must be provided forr operator creat-
ed line-type graphic symbols., (See subparagraph (g) below for creation
procedures.) The system should automatically connect the points with
the line type selected. In the case where pointing is used *o specify
coordinate location, it is desirable to have a rubber band {ine segment
effect which allows the operator to see where the line will be befors
fixing the Inflection point,

3
7
3
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(2) The creation of circles or ellipses should be indicated to the
system by pressing the CIRCLE or ELLIPSE pushbutton. The operator then
indicates the radius or major and minor axes by pointing fto their par-
ticular locations on the screen. A continuously visible size variation
ability at this point is desirable.

(3) The creation of individual graphis symbols such as mines and
control points should use pushbuttons for the selection of the desired
symboi. The following graphic symbo! pushbuttons should be provided:

OBSERVATION POST AMMUNITION SUPPLY POINT, ALL TYPES
COORDINATING POINT (combat service support installations)
MINE, ANTITANK Al1D STATION {combat service support
MINE, ANTIPERSONNEL installation)

POL POINT, GROUND (combat
service support installation)
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At least five extra pushbuttons must be provided for operator created
individual graphic symbols. (See subparagraph (¢) below for creation
procedures.) The coordinate location of the symbols will be assumed to
be at their center.

7 If the operator desires to start over at any pcint, he should
only have to press the ABORT pushbutton. Tis returns the console to
the operational state it was in before the CREATE pushbutton was pressed.

8 Press the COMPLETE pushbutton. This should leave the previously
selected CREATE, category, symbol type, and color pushbuttons lit. The
operator can then create several data items of the same type without
reselectiun., He should also have the option of reselecting categories,
svmbol type, or color at any time before the COMPLETE purhbutton is pressed.
The CREATE pushbutton will remain activated until the operator turns it
off,

(c) Data item correction. The procedure for correcting symbols in
a display should be similar to that |isted in the following subparagraphs:

i Press the CORRECT data item pushbutton.

g Point out the item to be corrected. (Visual feedback as to
which symbo! was selected should occur.,)

3 Correct the symbol by using the procedure discussed in the
following subparagraphs for that type item. |f a color change is all
the operator desires, he should only have to press the appropriate color
pushbutton,

a Alphanumerics. Alphanumeric correction must allow for advancing
or backspacing to any character in the data item. A marker must indic-
ate which character will be changed if an ASCI| key is pressed.

b Military symbols. The procedure for military unit symbol cor-
rection must also use a marker to indicate to the operator which portion
of the symbol the system is ready fto change. The marker under operator
control either advances or backspaces through the parts which make up
the data item (flag, branch, identifications, echelon). This allows him
to change any or all parts of the item.

¢ Graphics. Line segment graphic item correction is much (ike the
correction of alphanumerics and military unit symbols as a marker
indicates to the operator which inflection point the system is ready to
change. The graphic type (i.e., soiid line, frenches) is also subject
to change. Correction of circle radiuses or ellipse major and minor
axes requires indicating the new radius or axis by pointing fo its
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location on the screen. Correction of individual graphic symbois (i.e.,
mines, control points) should only require pressing the pushbutton for
the desired symbol.

4 |If the operator desires to start over again he should only have
to press the ABORT pushbutton.

5 Press the COMPLETE pushbutton. The console should return to the
operational state which existed prior to pressing CORRECT.

(d) Data item movement., The rrocedure for moving a data item
applies to all data types except iine segment graphics and shouid be
similar to the procedure listed below:

I Press the MOVE date item pushbutton.

g. Point out the item to be moved. (Visual feedback as to which
item was selected should occur,)

3 Point to the desired new location on the screen or type in the
coordinate location. (There should be visual feedback of the ccordinate
being typed.)

4 |f the operator desires tc start over at any point he should
only have to press the ABORT pushbutton.

5 Press the COMPLETE pushbutton. The console should return to the
operational state which existed prior to pressing MOVE,

(e) Data item declutter (offset). The procedure for decluttering
a data item aprlies to all data types except graphics and should be
similar to the procedure listed below:

| Press the DECLUTTER data item pushbutton.

Z Point out the item to be decluttered. (Visual feedback as to
which item was selected should occur.)

3 Move the item to the desired new location., The item must appear
to move with the pointer. This helps the operator to position it in the
least ciuttered area of the screen. A line will appear between the
item's offset location and its true location.

4 |t the operator decides not to declutter the item after all,
should oniy have to press the ABORT pushbutton.

5 Press the COMPLETE pushbutton. The DECLUTTER pushbutton should
remain activated until the operator turns it off.
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(t) Data item delete. The procedure for deleting a data item
appllies to all data types and should be simi{iar to that listed below:

1 Press the DELETE data item pushbutton.

2 Point oyt the item or items to be deleted. More than one item
;an be deleted at a time. As each item is pointed to, it must disappear

from the dispiay.

3 If the operator decides not to delete the items selected, he
should have the option of pressing the ABORT pushbutton, thereby re-
storing all the temporarily deleted symbols.

4 Press the COMPLETE pushbutton. The console should return to the
orerational state which existed prior to pressing DELETE.

(g) User created symbols. The user must have the ability to cre-
ate unique branch duty and graphic symbols to be used exactly like the
permanent branch duty and graphic symbols.

I Military unit branch duty symbols. The conscle must aliow the
user To create at least 10 branch duty symbols. Each created symbol
must be associated with a particular pushbutton on the console. The
pushbuttons are used in exactiy the same manner as the permanent branch
duty symbcl pushbuttons in the creation and correction of military unit
symbols. The procedure for creating additional branch duty symbols is
listed below:

a Press the CREATE SYMBOL pushbutton. This should cause an en-
larged military unit flag (rectangle) tc appear on the console screen.

b Using the create graphic vector procedure, create the desired
branch symbol as a series of short line segments inside the flag.

¢ Press the pushbutton the branch symbol is fo be associated with.
The pushbutton should allow the operator to affix a copy of the symbol
to it. if a symbol has been previously assigned to this pushbutton,
t'.is step replaces it with the newly created branch duty symbol.

2 Graphic symbols.

a The console must allow the user to create st least five indi-
vidual graphic symbols, As is the casc for branch duty symbols, each
created graphic symbol must be associated with a particular pushbutton
on the console. The pushbuitons are used in exactly the same manner as
the permanent individual graphic symbc| pushbuttons in the creation and

n




correction of graphic symbois. The procedure for the creation of addi-
tional graphic symbols is the same as the procedure for military unit
branch symbol creation. When the operator presses the CREATE SYMBOL
pushbutton, the enlarged rectangular format used in the creation of
military unit branch duty symbols provides the operator with a ready
frame of reference. Since the operator knows that the enlarged format
reduces to the size of a mijitary unit symbol rectangie on a display, he
can create the desired graphic symbol to the appropriate size inside the
format.

b The console must also allow for the creation of at least two
| Tne~Type graphic symbols. The created symbol must be associated with a
particular pushbutton on the console. The pushbuttons are used in
exactly the same manner as the permanent |ine-type graphic symbol
butions. The procedure for the creation of |ine-type graphic symbols is
the same as that used for the creation of military unit symbols and
individual graphic symbois. By using the enlarged rectangular format as
the frame of reference, the operator can create a repeatable element of
the c.-aphic [ine-type symbo! of the appropriate size inside the format.

(h) Backgrounds.

| ldeally, background map display should require the operator to
only Specify the level of detail and the area of coverage desired.
Registration with the dynamic symbology should bz automatic. If a
particular background is to be frequently displayed, the operator must
have the option of giving It an Identification label which will aliow
its recall without the operator having to respecify +he level of detal,
and area of coverage. The currently selected categories of dynamic

symboiogy In a newly selected area of coverage must appear automatically.

2 The procedure for obtaining a desired map background should be
similar to that listed below:

3 Press the SELECT MAP pushbutton.

b Use ASCIi keys to type in the desired map Identification label
if the map Is one that has been Identified previously.

¢ 1f the desired map has not been identified, select the desired
detaii by pressing t.e appropriate pushbuttons (i.e., ROADS, GRIDS,
RIVERS, TOWNS)., Type in the coordinate (grid zone desngnafion and four
or six digits) for the extreme lower left and upper right corners of the
desired area of coverage.

d Press the SELECT MAP pushbutton again. This cuuses the deslired

map to be “‘sple :§ and the pushbutton to be turned off. (The map mus’
be displayed in |5 seconds or less.)
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3 The operator should be able to add or subtract map detail. This
should only require that he press the appropriate map defail pushbutton
(i.e., ROADS, RIVERS, GRIDS, TOWNS). Detail will either be added or
suttracted depending on whether or not it is currently displayed.

4 |f at any time the operator wants to give a label identification
to the map currently displayed sc that i+ can be recalled, he should be
able to do so by pressing the ADD MAP |D pushbutton and then Typing the
desired label on the ASCl| keyboard. Map identification labels should
be console peculiar (i.e., each console will have its own set of labels).
Other console operators will be able to retrieve a map identified on a
different console by using the appropriate prefix for that console.

5 The label of the map currently displayed should appear at a
pa-ticular location on the display screen. I|f that particular combin-
at.on of detai! and area of coverage has not been labeled, no label
should appear. A list of labels currently being used to identify maps
on that console should be available upon request of the operator. Maps
may be deleted from this list by pressing the DELETE MAP ID pushbutton
and pointing to the label of the map fo be deleted.

6 |f the ideal background map display procedure described above is
not possible, discrete background maps, although not as flexible, offer
an alternate approach. |f the user is given an infinite number of on-
line discrete background maps, he can approach the flexibility of the
ideal map described above. However, an infinite number of on~-line maps
that have varying areas of coverage and different combinations of detail
is not realistic. Realizing this, the following considerations are
provided to assist in the specification of systems that use discrete map
background presentation.

a Each display system must have a number of discrete maps on line.
Each map in the set must be available within 15 seconds. Initial regis-
tration and cataloging of a map must only require that the operator
point out two diagonally located grid intersections or two known (diag-
onally located) points and type in their coordinates (grid zone desig-
nator and 4, 6, or 8 digits). The group display will require a method
for indicating these itwo coordinate locations to the system. The oper-
ator must assign an identification label to the map sc that it can be
easily recalled. This label must be visibie whenever the map is dis~
played. Once the map is registered, it must not require registration

upon recall.

b Background orientaticon or scale must be immaterial when regis~
tering a map. There must be no requirement that the map be exactly
vertical or centered or that it have a particular magnification factor.
In additio~, a means for easily chanqing on-{ine backgrounds either
cingly or as a set must be provided.
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(i) Data category selection.

< | The use of transparent overlays or "drops" is commonplace in a
TOC. “Each drop depicts a specific data category or categories such as
friendly unit locations and boundaries and is placed over a hard copy

3 map. The drops can be viewed singly or in combination, one drop on top
: of the octher. The use of drops points out the user requirement for the
' selective viewing of data.

| 2 An automated display system must be able 1o store and display

: data Ttems by category. The use of categories is analogous to the use
% of manual drops. The easy assignment of a data item to a category or

- § categories, along with rapid access to and display of data items in the
3 i desired category or categories, is essential to effective user manage-
E i ment and analysis of data.

3 The system should provide for approximately 30 data category
pushbuttons on the interactive graphic display console. |f the display
system is interiaced with other systems such as TOS, some of these push-
buttons will be associated with standard categories to permit the effic-
ient transmission and receipt of data in the standard categories.

4 When a new data item is added to the system's data base, the
system must allow the user to specify which category or categories the
data item is to be stcred and displayed under. It must be possible to
assign a data item to more than one category and to change the category
or categories of any displayed data item.

i gy S o

& 5 Data items assoclated with a particular echelon (e.g., hostile

- and friendly units) may be required to be displayed by echelon for a
selected category. For example, a user may wish to display the category
3 containing friendly unit locations but want to see only those units of
2 brigade size or larger. A set of pushbuttons to specify the desired

: echelans should be provided for this purpose.

6 It is desirable to allow the user the option of specifying the
time frame for categories which he selects. An example of the use of
this option is the display of reported vehicular movement from {date
time group) to (date time group). |f the option is not exercised, the
system displays all data for the selected category and echelon. The
time frame appiies to all categories selected for display.

7 The procedures |isted below are provided as a guide to data
cat:gory selection and category change. Initial assignment of a data
item to a category is discussed in the procedure for data item creation
4 (subparagraph (b) above) anu the section on TOS message receipt (sub-

4 paragraph (k) below).

i A
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a8 Selection of data categories for display. (It is assumed that

the user has already selected and has displayed the map background area
of coverage.)

(1) Press the desired echelon pushbuttons ior the categories to be
displayed. The echelon selection applies to all displayed categories
which have echelon associated data items.

(2) Press the desired category pushbuttons, This ccuses the dis-
play of data items in the desired cafegor]es for the specified echelon(s).
Pressing a category pushbutton which is it disengages the pushbutton,
turns the light off, and causes all daia items belonging to that cate-
gory fo be removed from the display.

b Changing the category of a displayed data item.

(1) Press the CHANGE CATEGORY pushbutton. This causes all cate-
gory pushbuttons which are 1it to be turned off,

(2) Press the desired category pushbuftons.

(3) Point to the data item (or data items, if more than one data
item is to be stored in the new categories) on fhe display. (Visual
feedback to indicate the selectead symbols should occur.)

(4) Press the CHANGE CATEGORY pushbutton. This assigns the selected
data items to the new categories. The light on this pushbutton turns
off, and the previously it catecury pushbuttons turn on.

(5) The user may press the ABORT pushbutton at any time during the

procedure. This returns the display to the state it was in before the
procedure was initiated.

(j) History siurage.

| A means for storing display scenes is required. Stored scenes
can be used for briefings on the large screen, unit historical data, and
the development of different plans and analysis. The user must have the
ability to maninuiete the data items in any recalled scene. The system
must also have the capability fo re-store these modified display scenes.

The procedure for storing display scenes should be similar to that
listed belo

a Press the STORE HISTORY pushbutton.

b Type a brief description of the scene that was stored. Visual
feedback of what is typed should appear on the lower edge of the scene.
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¢ The system adds this scene description to its current |isting of
stored scenes for that particular console,

d Press the STORE HiSTORY pushbutton again. This completes the
storage procedure and the pushbutton light goes off.

2 The procedure for the recall of stored display scenes should be
simijar to that listed below:

a Press the RECALL HISTORY pushbutton. A list of the currently
stored scene descriptions for that console is displayed. (if the con-
sole operator wants a listing of another console's stored scenes, he
types that console's prefix.)

b Point to the scene descrintion desired. The selected scene must
appear within |5 seconds. Deletion of scenes in the list should only
require pressing the DELETE pushbutton and pointing To the appropriate
description.

¢ Return to the display shown prior fto history recall is accom-
plished by repushing the on-off RECALL HISTORY pushbutton,

(k) Data item transfer to and from TOS.

| Each console must have the ability to send data items to, and
receive data items from, TOS. Update of the TOS data base should only
require that the operator press the TOS DATA pushbutton and point to the
data item(s) to be sent, The data ifems, along with their associated
free text, are sent to TOS when the TOS SEND pushbutton is pressed.

2 TOS data is either received as a result of a standing request
for information (SRI) or a query from a particular console. The SRI or
query establishes the console data category or categeries that incoming
data items are assigned tfo. When a data item is received, it is auto-
matically displayed and highlighted if it is in the area of map coverage
dicplayed., |1 is displayed and highlighted regardiess of the currently
selected categories. The item continues to be highlighted until the
operator points to i1 and presses an ACCEPT, SAVE, or REJECT pushbutton
to indicate that he sees the item. The ACCEPT pushbutton adds the data
item to the designated display categories. The SAVE pushbutton adds the
item to a special TOS save category. Data items in the TOS save cate-
govy can be transferred to display categories at any time. The REJECT
pushbutton deletes the item. Blinking is an acceptable means for auto-
matic highlighting although any other means that is equally as attention
getting Is acceptable. |f a data item received from TOS is not in the
currently displayed area of map coverage, it appears and is highlighted
the first time the operato~ selects an area of coverage that includes
the item's location. Milivary unit symbols that have branch duty symbols
that are not contained in the permanent symbol generator must appear
with the first four letters of the branch duty inside the rectangle.
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3 When a TOS data item is 31 update to data already in the system,
pressing the ACCEPT pushbutton causes automatic replacement of the
previous information. An exampie is the automatic update of a partic-
ular unit's location or the relocation of a particular boundary.

(1) Display ftransfer between consoles. The transfer of entire
displays from one console to another must be provided for. This can be
between corsoles within an automated display system or between a console
in one system and a console located in another system at another echeion.

The iransfer will generally be in answer to a verbal request for specific

information. The procedure should only require that the operator obtain
the desired display in the normal manner, press a SEND DISPLAY push-

button, and type an identification for the consoie which is to receive
the display.

(m) Alphanumeric data associated with a displayed data item.

| Data items in tactical situation displays have associated data
which normally is not displayed with the symbol tha* represents the
item. This data is alphanumeric in nature. Exampies of This type of
data include the UTM grid coordinate(s) of the data item and free text
remarks which elaborate ou the data item.

2 Frequently, the viewer of a tactical situation display wants
more Specific information on a displayea data item. He may also wish to
provide his own comments to further clarify the display of the item. A
procedure currently used in TOC's is to code significant data items with
a number or lefter. The numbers or letters are listed with the appro-
riate clarifying data on the side of the display.

3 An automated display system must have the ability to provide
additional data on any dispiay data item upon user request. It must
also provide the user with the ability to add his own free text remarks.

4 To obtain additional data on a displayed data item or to add a

comment on the item, a procedure similar to that listed below should be
used:

a Press the EXTRA DATA pushbutton on the console,

b Point to the desired data item, This causes the display of a
three-part format. The display of this format must not replace the
graphic display. The format can be displayed on the same screen with

the graphic dispiay or on a separate, but nearby, aiphanumeric display
screen,
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(1) The first part of the format is automatica!ly completed by the
system and includes, as a minimum, the grid coordinate(s) of the data
item. Other data which can be included in this part of the format are
the date time group, the originator, and the reliability of the data.

(2) The second part of the format Is provided for the entry of
optional free text remarks by the originator of the data item. If the
data item is fransmitted from an outside source such as TOS, the send-
er's remarks (if any) are entered here. |If the aata item is origincted
by the display system user, his remarks (if any) are entered here.

(3) The third part of the format is provided for optional free
text remarks by the recipient of the dava item. A data item transmittec
from an outside source has this part of the format for the display
system user's comments (if any).

¢ Type free text comments (if any) in the second part (originator)
or third part (recipient) of the format.

d Press the EXTRA DATA pushbutton. This turns the pushbutton
light off and deletes the extra data format from the display.

(n) Miscellaneous controls. A number of control switches or knob:
are required on the interactive graphic display console. Many of the
controls directly affect the viewability of the display and have been
alluded to in previous sections. The controls must be on the console.
The console operator should not have to leave his position in order to
reach tThem,

I The controls |isted below must be inctuded on the console:

a DOynamic symbology brightness control knob. Turning the knob one
way or the other increases or decreases the ovautll brightness of dis-
played dynamic symbology within the range from maximum brightness to the
dynamic cymbology being compietely faded from the screen.

b Map background brightness control knob. Turning the knob one
way or the other increases or decreases the overallf brightness of the
displayed map background. The brightness is controllable from maximum
brightness to the map background beiag complietely faded from the screen.

¢ Restart-reset pushbutton. This pushbutton is used when operator
o~ system error causes the processor to halt. Pressing the pushbutton
causes a reload of the display program if necessary and/or resetting of
the program parameters to what they were before the halt. The system
must be operational within 15 seconds after this pushbutton is pressed.
However, return to full operational status within 2 or 3 seconds is
highly desirable,
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g- The con*rols listed below should be included on the console:

a Color brightness control knob(s). One knob is provided for each
color of dynamic symbology. The knob has the same function and range as

the dynamic symbology brightness control knob except that it controls
the brightness of an individual color.

b Map feafture brightness control knob(s)., These controls are
necessary If the ideal map background display is practicat. One knob is
required for each color used to identify a specific map feature (e.qg.,
roaus, vegetation, rivers). The function and range of the knob is the

same as the map background brightness conirel knob except tha™ it controls

the brightness of an individual map feature color.

¢ Symbol size control knob. Turning the knob one way or the other
varies {(within a specified range) the size of a!l data items except
line-type graphic items, circles, and eilipses. When the control is
used, all parts of the data items (e.g., the rectangle, the branch duty
symbol, the left identification, the right identification, and the
echelon) are either enlarged or reduced nroportionally. Changing the
size of the synbols must not change their apparent map locations.

3 Other confrols may be required, depending upon the display

technigue used. For example, individual dynamic symbology and map
background focus knobs may be necessary.

(o) Error notification.

I The display system must notify the interactive graphic display
console operator when he performs a step in a procedure incorrectly.
The notification means must be positively attention getting, must be
rap’d, and must specify exactly what was done wrorq. An audio alert
such as a bell or buzzer should sound wheraver an error occurs. Incor=-
rect attempts to recover from the arror cause additinnal audio alerts.
An audio alert is preferable to a visual alert because it precludes the
possibility of the operator not detecting the error if he is looking
away from where the visual alert is located. Coincident with the audio
alert, an error message should be displayed at some standard location.
The error nessage display must not delete the current situation display.
The erro- message continues to be displayed until the operator performs
the correct step in the procedure or until he presses the ABORT push-

button at which time the error message is deleted and the display refurns

to the state it was in before the series of commands was Initiated.

2 The error message mu.t tell the operator exactly what he did
wrong. The use of error codes which require the operator to look up the
code to determine the error is not user orierted and is not acceptable.
ldeally, the error message should state what step of the procedure
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was performed Incorrectly. For example, using the procedure outlined
for the creation of military symbols, an error message might read:
"Last pushbuiton depressed was not branch duty.”

(3) Group display output device.

(a) The group display device s operated from an interactive
arephic display console. Before a display can be shown on the device it
must be dispiayed on ihe console. It s then transferred to the group
display by pressing the GROUP DISPLAY pushbutton on the console. This
actior cauvses both the map background and the selected dynamic symbology
to be displayed on the targe screen. Once the transfer is initlated,
the display must appear on the large screen within 15 secon.s. The
capab!lity to have the display appear within 5 secords is highly desir-
able. Fifteen seconds is the maximum time that a user can be expected
t+o walt without inconvenience for a display to appear on the device.

th} A number of control switches or knobs are required on the
group display output device. These controls are required to improve the
viewabilitv of the displayed situation. The cantrols must be located
near the face of the secreen, for easy access to 8 briefer or *
individual performina viewability adjustments to suit the au’ . The
controls which should be provided with the group displays outr - Jdevice
are shown below, Each control has the same function (and range) as that
described for the interactive graphic display conscle. Other controlc
nay be required cepending upon the di«play technique.

I Symbol size control kacb,

()]

Dynamic symbolngy brichtness conirol knob.

)

Map background bright 55 control knob.

| &

Color briaghtness control knaob(s).

o

Map feature brightness control knob(s),
{4: Map overlay input device,

t¢) The map overlay input device will be used to input ftwo types<
of froeshand araphic data:  coverlay data and map features., All data
item« are input as a saries of points. These pni.ts will be automatic-
ally enanected by line seqments, lUse of the device requires an Inter-
active graphic display con=oie for menitoring tne input. The procedure
choyld be simitar o that listed belcw:

! On the conso'e, select the desired area of coverage for monitor-
inq the input. (Tnis should not have to be the exact area registered on
the input device,)
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2 Press the OVERLAY DEVICE pushbutton on the console. This activ-
ates the map overlay input device.

3 Press the desired graphic data line-type, the desired data
category, and the desired color pushbuitons on the console. All points ;
input from the overlay device are displayed and connected by the selected
graphic line-type in the selected color. The |ine-type, the data cate-
gory, ~nd the color can be changed at any time by pressing the appro-
priaie |ine~type, category, and color pushbuttons. i

T < T A

4 |f the map on the input device is not registered, ftype in the
grid coordinates of two diagonaliy located grid intersections and point
to these points on the map. This step should not have to be performed H
again unless the map is moved or a new map is positioned on the device.

O R T e W e g e W ey my %02

5 For each data item to be input, press the CREATE 1TEM pushbutvon
on the input device.

i

o3 ik

vy,

"6 Input the desired data item by pointing te +vhe series of poirts
defining the data item on the overlay. As each succeeding point is
selected, the resulting cumulative line segment shouid appear on the
conscle. |f the operator is not satisfied with the last few line seg-~
ments, he should be able to delete them by pressing the BACKTRACK push-
button, |f the operator is not satisfied with the entire item, he
should have tne option of starting again by pressing the CREATE ITEM
pushbutton again.

T

3

RS

Press the COMPLETE pushbutton.

8 Input additional items by repeating 5, 6, and 7 abave.

9 After all entries have been made, the device is turned off by
deactivating the OVERLAY DEVICE pushbutton on the console.

Al il b e b

(b) The procedure outiined above can also be used for the input of
treehand graphic data directly from o map. As far as the device is con-
wrned, it is immateria, whether the data irput is from an overlay or

L iR

directly from the map as long as the user specifies the category uncer :
which each data itum is fo be displayed. Thus, the device can be used )
to add additional detail %o a displayed map background; for exampie, i
outlining of a hil! mass or showing an intermittent stream which, because :

of recent wet weather, has become a significant obstacle to movement Ly
toot and vehicie.

it R WA M bl

(¢} The map overlay input device can also be used for measuring
distances on a map. Distance measurement is commcnplace in TOC planninag
and operations (e.g., road moverent planning). This Gevice is a "naturat"
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for distance measurement, since very little effort is required to provide
this capability. The measured distances must be within 5 percent of the
actual distance. The procedure should be similar to that listed below:

1 Press the OVERLAY DEVICE pushbutton on the console.

2 |f the map on the input device is not registered, type in the
coordinates of two diagonally located grid Intersections and point to
these points.

3 Press the DISTANCE MEASUREMENT pushbutton.

4 Measure the desired cumulative distance on the map by pointing
to the start point, succeeding points of Inflection, and the end point.

3 Press the COMPLETE pushbntton. This causes the distance measured
to appear in meters on the console screen.

6 Measure additional distances by repeating 4 and 5 above.

71 Turn off the device by deactivating the OVERLAY DEVICE push-
button. The map overlay input device provides an effective means of
inputting and displaying map features of particular interest fo a user.
The device in effect permits the input of map features which, when
displayed singly or in combination, allows the user to tailor the map
background to the situation. This means of inputting map features to
the system has the potential for meeting the requirements for random
selection of map background area of coverage and level of terrain detail.
Thus, it approaches the ideal solution to the map background problem.

(5) Map overlay output device.

(a) The procedure for producing hard copy on this device is sinilar
to that used for outputting a scene to the group display device. Ths
scene must first be displayed on an interactive graphic display console.
The PRODUCE OVERLAY pushbutton on the console is then pressed. After
typing the desired number of copies, the console should be free to
return to other display functions. The time to produce one copy must
not exceed 5 minutes. However, a time of | to 2 minutes per copy is
extremely desirable

(b} The map overiagy output device should be capable of remote
cperation. This allow- the transmission of overlays to lower echelons
which may not have an automated display system. This device may require
a small memory unit or r:ffer to preclude tying up communication lines.

{c} The overlay reproducer can be used to aid CONOPS. Periodic

outputs of important displays could be used whenever the system Is not
fully operational because of system failures or TOC displacement.
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(6) Printer.

{a) The line printer produces alphanumeric hard copy. The alpha~
numeric date Is elther received from outside the system (e.g., a ftrans-
mission from TOS) or output from the system's data base. The hard copy
Is used for historical purposes (log), for more detailed analysis within
the TOC, for dissemination to units or sections having no access to an
automated display system, or as an alternative to displaying the afpha~
numeric data. I+ can aiso be used to ald In CONOPS by providing a

record copy. Examples of hard copy which could be output by the printer
include:

OPORD INTSUM SITREP
TASK ORGANIZATION CHALLENGE/PASSWORD WEATHER DATA
TABULAR (CHART' DATA . FREE TEXT MESSAGES FORMATTED MESSAGES

(b) None of the above require hard copy size larger than the
8-inch by 10 1/2~inch size used In the manual system. The printer
should provide hard copy in the size normally used In the manual system.
This will allow the hard copy to be reproduced on available reproducing
equipment (e.g., xerox, thermofax).

(c) The print area must be visibie to the user. This precludes
the possibiilty of output not belng noticed by the user or his having to
advance the page to read newly received data.

(d) Print speed should be such that a fuli page of output with
single~-spaced lines can be obtained within 30 seconds. Thirty seconds
is well within the capability of availabie medlum-speed printers.

(e) Receipt of data from an ouftside ADP source must be automatic.
When the printer is activated, an audible alert (adjustable by the oper-

ator down to zero voiume) must indicate to the operator that output is
being prinfed.

(f) Output of alphanumeric dafa from the system's data base
shouid only require the display of the desired categories and pressing
of the PRINTER pushbutton. The pushbuiton should remaln 11t until the
output is produced; then It siould automaticaily turn off.

{g) The procecure for initlating printer copy from the interactive
graphic display console is not intended to restrict initiation of printer
copy to the interactive graphic display console aione. Certaln types of
alphanumeric data may be better dispiayed on the aiphanumeric dispiay

console and then output to the printer by means of a pushbution on +he
alphanumeric display console.
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(h} Transmission of alphanumeric data from one display system to LN
ancther display system®s printer should be possibie through the inter-
active graphic dispiay consoie. The procedure shoutd only involve dis-
playing the appropriate categeries, pressing a SEND ALPHANUMER!C push-
button, and typing the prefix of the printer where ouvput is desired.

(7) Alphanumeric display console.

(a) The aiphanumeric display console is the primary device used
tor the input, display, manipulation, and transmission of alphanumeric
data. Some of the functions the device shouid be abie to perform are
tisted below:

1 Display of message fcrmats which are used for data input isto
the system, data input to TOS, and query of the T0S data base.

2 Display of alphanumeric data, to include tabular data, contained
in the system's data base.

v

Manipulation and update of displayed alphanumeric data.

Composition and display of free text data.

&

W

Transmission of formatted data to TOS.

(o3}

6 Transmission of formatted and free text data to another display
system's alphanumeric display console, interactive graphic display
console, or line printer,

« r

7 Transmission of displayed alphanumeric data to an interactive
graohic display conscle of the display system.

8 Output of displayed alphanumeric data on the system's line
printer.

(b) The procedures implemented to accomplish the functions listed
above must provide for maximum ease of use. The procedures recommended
for the interactive graphic display console should te referred to for
the degree of simplicity and user corvenience that is desired.

(c) Certain design features should be incorporatec to facilitate
operator use of the device. Exampies of these design features are
tisted below:

| Instantanecus visual teedback when a character is being typed or

a manipulation is being performed so the operator can immediately see
the result ¢f his action.
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2 A brightness control with which the operator can adjust the
display brightness to the ambient iight environment.

3 A standard (typewriter) keyboard layout for convenient entry of
ASCl1 characters.

4 A control to shift left, right, up, or down.

5 Margin and tab controls to assist in formatting data as weil as
completing blank formats.

6 A marker symbo! to assist in positioning data by indicating
where the next character wiil appear.

f. Reliability, availability, and maintainability.
(1) Cenerai.

(a) An automated display system is required fo operate in a field
environment, under all weather conditions. |t must perform the display
functions associated with mission accomplishment for command and staff
personnel in a tactical operations center. Key components of the system
are required to operate continuously (24 hours per day, 7 days per week)
for varying periods. The system moves whenever the tactical situation
dictates that the TOC must dispiace.

(b) The display functions of an automated display system invoive
the input, processing, manipulation, storage, retrieval, display, or
output of data contained in TOC working files such as the current
friendly and enemy situation files. The inability to perform one or
more of the above functions even for short periods (e.g., {0 to 20
minutes) degrades system performance, can affect mission accomplishment,
and is undesirable. Therefore, to perform satisfactorily in a TOC, the
system must meet high standards of reliatliity, availability, and main-
tainability. The equipment must be rugged, compact, |ightweight, and
must not degrade mobility of the TOC. The operational availability of
the system should approach 100 percent. This should take into account
both hardware and software caused failures.

(c) The following subparagraphs discuss from a user viewpoint the
reliability, availability, and maintainability requirements for compon-
ents of an automated display system. The requirements are based on
observations made during the experimentation and provide a point of
departure for refinement.

{2) Display processor.
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(a) The display processor controis “he operation of an automated
display system. The system components which it controls become inoper-
able whenever the processor fails. Consequently, the processor's
rellability, avallability, and maintainability requirements are the most
stringent. Unllke any other component of the system, the processor is
required to opsrate on a 24-hour-per-day basis for long nariods.

(b) Preventative maintenance actions are normally scheduled during
periods of expected decreased activity in the TOC. However, if It is
necessary to return to full operation when preventative maintenance is
being performed, it must be possible to complete or terminate the preven-
tative malntenance so that full operation is restored within |5 minutes.
The processor must be designed in such a manner that any unscheduled
maintenance action takes no longer than {5 minufes. This time is from
the moment it is first sensed that the system is down untii the system
Is again operational. The time inciudes fault detection, isolation, and
correction as well as administrative and supp!y delays. Any tTime longer
than 15 minutes could severely hamper continuity of operations and could

force the user to revert to some other method of cperation to replace
functions performed by the system.

{(c} The time to perform unscheduled maintenance must not only be a
minimum, but the number of unscheduled maintenance actions occurring in
a given period must be as few as possible,

(3} Interactive graphic display console. The console is the
primary device used to interact with the computer and its data base. If
there are several consoles located within a TOC, the failure of one
console, although detrimental to the console user, would not result in
total system faiiure. For this reason, the rellability and maintain-
ability requirements for the console are not as critical as those for the
dispiay processor. Howaver, the reliability and maintainability of the
consoies should be such that principal users (i.e., G2, G3) of the
system are not deprived access to a console for more than 15 minutes.

(4) Group display output device. The group dispiay is used prima-
rily for briefings and group viewing. Since it is not interactive and
is oniy used &s an output device, its reliability and maintainabiiity
requirements are not nearly as critical as those of the display preces-
sor or consoles. However, to be useful and considered an asset by the
user, Its reliability and maintainability must be high. Fallures while
briefing the commander shouid happen Infrequently. Downtimes longer
than 5 minutes have no real 1imit, although they should be reasonable
(i.e., not more than several hours). This downtime requirement stems
from the reaiity that the commasnder, after walting 5 minutes, will most
likely continue the briefing from a console rather than wait for the
group display to return to operation. When the group display is not
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actually being used for a briefing but is being used to display a situ-
ation of interest to a number of people in the TOC (e.g., the current
enemy and friendly situation), the temporary failure of the group dis-

play can be tolerated because the situation shown on the group dispiay
can be seen on a console,

(5) Map overlay input device. ULie of the map overlay input device
is not expected to be continuous; but when the device is required, its
availabllity and retiability must be high. Maintainability of the
device should be such that any unscheduled maintenance action does not
exceed 30 minutes. This is The maximum time that a user can reasonably

be expected 1o wait if he has map or overlay data which he needs to
input to the system,

{5) Map overlay output device. Like the map overiay input device,
this device will not be in continuous use. However, it must have high
operational availability and reliabllity. Maintainability requirements
are the same as those for the map overlay input device; that is, any
unscheduled maintenance action should not exceed 30 minutes.

(7) Printer. The printer is normally on continuousiy, even though
it provides output at unspecified intervals. The two primary uses of
the printer are the "logging" of messages from ADP sources outside the
automated display system and the output of alphanumeric data contained
in the system's data base. Therefore, the operational availability and
the reliability of the printer must be high, Maintainability should be
such that any unscheduled maintenance action does not exceed 30 minutes.

(8) Alphanumeric display console, If there are several alpha-
numeric display consoles located within a TOC, the failure of one con-
sole, although detrimental to the console user, would not result in
total system failure. The reliability and maintainability of the con-
sole should be such thai the principal users (i.e., G2, G3) of the
system are not deprived access 7o a console for more than 15 minutes.

2-5. T0S Materie! Need Group Dispiay Device (GBD) and Analysis Console
(AC) Characteristics.

a. General,

(1) This paragraph orovides comments on the stated characteristics
for automated dispiays as tisted in the DA approved MN for TOS document
dated November 1972: "DA Approved Materiel Need for the Tactical Oper-
ations System (U); (MN for TOS (U)); Basic Document United States Army

Combat Developments Command intelligence and Control Systems Group; ACN:
15675; dated November 1972.%
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(2) The TOS MN specifies two components that will be used to dis-
play data: the group display device (GDD) and the analysis console
(AC). The characteristics and associated rationale for these two compon-
ents are reprinted here directly from section VI of the MN for TOS as an
aid to the reader. Each characteristic and Its associated rationale is
followed by a comment. The comments are provided in the light of FMIi6
experience and the experimentation findings relating to automated dis-
play systems in generai. To obtain the full significance of the com-
ments, it is essential that the reader read paragraphs 2-3 and 2-4 of
this section.

b. Group display device.
(1} Quote and comment.

(a) Quote.
"(5) Group Display Device. The GDD is the automated
output of TOS that portrays friendly and enemy units,
locations, boundaries, 7ones, or areas on a tactical
map background. The device is used in the same manner
as is the current operations and planning displays:
for the conduct of current operations, to assist in
coordination, as a means of conveying plans and orders, ..
and to facilitate planned and future operations. The i
GDD must be capable of displaying automated symbology
driven from the computer or inserted by the operator.
Provisions must be made for refreshing the data when
received; the device must also be capable of portraying
the situation on operator demand--showing units, loca-
tions, or maneuver traces applicable in the queried time
period. The operator must also be capable of portray~
ing or excluding any type of detail he selects, e.g.,
portray only armor units, Infantry units of company
size or larger, artillery units within a specified
range of a selected ground point, etc. To provide for
continuity of operation in the event of failure of the
display or its associated equipment, provisions should
be Included to provide hardcopy output o1 the last
situation presented orior to failure. Optimaily, the
hardcopy output should be such as to permit manually
updating on the face thereof. The group display device
shal! have the following characteristics:"

(b) Comment. The GDD is used primarily for briefings and group
viewinog. Therefore, there is no requirement for direct interaction with
the display. Scenes shown on the display are created in advance on an .nter-
active graphic display console and transferred to the GDD when requirec.
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Scenes transferred to the GDD can be recalled from storage (e.q., tape,
disk) or can be transferred from a current console display. Contrn} of
the GDD is accompiished through an interactive graphic display console.
The overlay reproducer requirement should not be associated with the GDD
requirement. The overlay reproducer should be a separate item of eauip-
ment, and its requirements should be stated separately.

(2) Quote and Comment.

(a) Quote.
"(a) Display Unit. The group display unit shall nave:

I. Capability to display alphanumeric, symbolic, and
graphic information from a digital data source onto
standard (1-30,000; 1:100,000; 1:250,000; !:1,000,900
scaie) US Army map representation or tneir projectisns,

The device will also accommodate other maps, mosaics, or
photographs (or their representations) and will accept
nonstandard, shrunken, or stretched scales. IT will

be capable of displaying individual sheets or arrays of
contiguous maps om which symbols are superimposed by
zignaling from the supporied system's computer,

RATIONALE: Maps, mosaics and photographs provide sser
with fleximility of backgrounds required to provide
complete and rapid analvsis of the factical situaticn.
The map sizes are the most common presently ssed sizes,

Arrays of contiguous maps wii! reduce map switching
when the tactical sifuation is near the edge of a map
sheet."”

{(b) Comment. The GDD map requirement is identical To the inter-
active graphic display console map requirement. t3ee comment ¢ <. }{(b?
below.) Any display on fhe console should be transferable to the large
screen and should appear a5 an enlarged copoy cof the console ¢isplay.

(3) Quote and commenT.

(a) Quote,
"2. Capability of displeyina from 260 (minimumi fo
300 (maximum) dift=rent symbol= 2t operator giscrefion
in near real-Time on a 4 x 4 feut {minimue) +o a
6 x 6 fooT (maximum) area.

RATIONAIE:  Two hundred symbols i~ tre estimated user

will have dispiayea ti describe the tacticald =ituation.
Three hundred is the maximum the user can uss and stiil]
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"read" the screen., FM's 2130 and 213l contain approx-

imately 250 symbois; the Incliusion of an additional

29 topographic symbouls leave a margin of 2! for expan-

sion to include emerging sensor symbology. The 4' x 4'
size Is for readability requirements while the 6' x 6'

size reaches the maximum acceptable weight for transport
requirements."

(b) Comment. The symbol capacity requirement is identical to the
interactive graphic display console symbol capacity requirement., The
number 200 to 300 is unrealistic. Most division factical displays do
not contain more than 75 military unit symbols. In addition, not all
symbols in FM 21-30 are used frequently enough to justify inclusion in a
permanent symbol library. Only the most frequently used symbols should
be in the library. The user should be ahle to add other symbols fo
this library when required. The size of the GDD display image is depen-—
dent upon the expected audience size and screen location (van, tfent,
etc.:. For most division briefings, the audience size is not expected
to exceed 20 people. Rules of thumb indicate that each viewer requires
6 squere feet of area; that the closest viewer be no closer +o the GDD
than twice the width of the screen; and the farthest viewer be no farther
from the GOD thanm five times the width of the screen. The larger the
screen, the larger the total area required (i.e., total area = viewing
area + unus=d area in front of the screen).

(3) Quote and comment.

{a) Quote.
"3. A surface whereby symbols can be seen from minimum
distance of 10 to 15 feet in any lighting environment

ranging from tatal susence of external light to direct
suntight.

RATIUNALE: The 15! minimum is the estimated maximum
the user can be from the screen and still review the
tactica, situation. The ten foot limit provides
ré.uacifity of displayed symbols."

(b} Comment. The requirement for viewrng in direct sunlight is
unraalistic, Even if the GDD is operated outdoors, a means of shielding
the display surface is acceptable. Subparagraph (3)(b) above discusses
the expected audience size for the group display and the rules of thumb

for detersining viewing distance. Symbhols should be fully legible from
ine merimum viewing distance,

{9} Quorte and comment.
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(a) Quote.
"4, Capability of providing a hardcopy (tfransparent)
reproduction via the overlay reproducer.

RATIONALE: Provides for analysis and briefings of
the tactical situation away from the location of
the GDD. The hardcopier must operate in the same
environment as the GDD. Overlays must be able to
be used within standard size maps and grease
penciis."

(b) Comment. This characteristic should be listed with the
overlay reproducer characteristics instead of those for the GDD. (See
(28)(a) below.)

(6) Quote and comment.

(a) Quote.
"5, Capability of displaying graphical situation maps
based on information from the data base and the Display
Control Console. Military symbols and abbreviations
should be displayed in accordance with FM 2{-~30,
FM 21-21, and AR 320-50. In addition, the display
will provide line segments, chords and conics.

RATIONALE: Provides flexibility and accurate, updated
information to the command~r in symbols and abbrev-
iations familiar to him."

(t) Comment. The requirement for AR 320-50 is unnecessary. The
TOS data element dictionary establishes the legal words to be trans-
mitted to and from TCS, These legal words should be standard for all
Army ADP systems, FM 21-2] should read: FM 2i-31. The "display of
line segments, chords and conics" does not sufficiently describe the
requirement for display of symbology. See paragraph 2-6 of this section
for the recommended symbols,

(7) Quote and comment.

(a) Quote.
"6. A multicolor projection capability including,
at least red, green, near-white and near-black.
Blua and Brown are required as soon as the state-
of~the~art permits.

RATIONALE: Enables the commander to assimilate and

analyze the tactical situation faster and easier.
The four colors Is the minimum needed for ease of

91




e I S N e

TR T e

i

St

P i

E
£

ikt

O e 0By

gk

T
AT g T oy

Ry o

W

(b)

e
s

'
S

distinction and analysis. Six is the wmaximum
controilable and distinguishable by the user."

Comment. Red, green, white, black, blue, and brown are the

current standard military map colors. Dynamic symbology shown against
the standard military map background must not blend with the map. 1+

should be

highly contrasting. As least three colors for dynamic sym-

bology are required and up to six colors are desirable. Further inves-
tigation Is required to determine the best colors.

(8)

(a)

(b)

Quote and comment.

Quote.

"7. Capability of providing visual distinction between
friendiy and enemy locations, and depicting specified
areas and differuntiating them from the surrounding
terrain.

RATIONALE: The commander must he able to differentiate
between friendly and enemy forces."

Comment. Color coding of friendly and enemy symbois is a

requirement. Shape in addition to color coding adds' little. TOC

personnel need to rapidly and unmistakably differentiate enemy symbology -
from friendly symbology. -’
(9) Quote and comment.
(a: Quote.
"8. lIncorporation of state-of-the-art micro-miniaturized
circuitry.
RATIONALE: Provides iighitweight, electronic modules
that are maneuverabie and maintainable in the field."
(b) Comment. Characteristics should not list a particular tech-
nology. The state-cf-the-art is rapidly changing. The characteristic

should be more general and should state that the equipment should take
advantage of the latest state-of-the-art developments that aid in making
the equipment smail, lightweight, rugged, reliabie, maintainable, and

wmoblle.
(10)

{a)

Quote and comment.

Quote.
"9. A data update capability.

RATIONALE: Reduces operator involvement and human
errors, and will provide greater system flexibility."
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(b) Comment. Data on the GOD is updated by iransferring the
latesy display from a graphic display console.

T S A RIL

(1Y) Quote and comment.

1)
i

iRy

1a)  Quote.
"10. Compactness and be comprised of modular
= components. |t must be mountable in standard

vehicular mounted shelters normal to the echeicn
- of emp loyment.

RATIONALE: Moduiarity will facilitate mainten-
ance and repair."

(b) Comment. Concur.
(12) Quote and comment,

{a) Quote.

"{1. A regenerative capability, allowing the infor-

mation on display to persist without having to
interrogate the computer.

RATIONALE: Requires integral display memory and
’ reduces operator involvement. Keeps the operator

from having to repeatedly query the data base for
the same information."

(b} Ccmment. A regenerative capability (e.g., refresh puffer) may
not be required for some techniques. The characteristic should read:
"The display on the GDD must persist indefinitely without access to the

CPU." If the symbols require refreshing, a dedicated refresh device
may be needed.

(13) Quote and comment.

(a) Quote.

"i2. Capability of secure ramote operation from the
computer via a data termiral.

RATIONAL: Provides system security between the GDD
and RCC/CCC."

(b) Comment. A display system contzins its own processor. The

characteristic should read: Capability of secure remote operation from
the TO3 computer via a deia terminal.

(i4) Quote and comment.
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(a) Quote.

. "13. Capability of highiighting a set or ccmbination
- of symbols which are of special attention or reguire
: immediate action.

iy

RATIONALE: Provides easy reccgnition of critical
groupings or symhois.”

= {t) Comment. Highlighting on & permanent bssis is best done by

: cotor. Howewer, other techniques such as increasing the brightness of

: ihe critical symbols are acceptable. The preferred methnd for temporary -
hightighting is to cause the crifical symbols to diink.

{15) OQuote and comment. -

{a} Quote.
Yi4. Capability of tfransmitting the display to any
other GOD or auxiliary device within the field
Army area. Will provide capabiiity to dispiay any
input from a connected auxiliary console display.

= RATIGNALE: Provides digital transmission of
graphic information for liaison, coordination
end control purposes. Also provides hardcopy
reproductions of Auxiliary Consclie Graphic Dis-
plays {Auxiliary Consoles have no graphic
hardcopy capability other than this means).”

ab
Yo'

(b) GCommant. This should be a console characteristic instead of

GDU cheracteristic. The graphic hardcopisr shculd operate independentiy
from the GDD.

{i¢} Quote and —omment.

{a} Quocte. )
“15. Capabiiity cf functioning in the fizht Army
electromagnetic environment and must not interfere
with other coflocated communications~-stectronic
equipments and svstems. The system must coeply
with the electromagnetic compatibllivy requirements
of MIL STD-461A.

~w

RATIONALE + Display device must not effect perfor-
mance of existing, working electronic svstams
within the field Army."

é {b} Comment. No comsment.
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(17) Quote and comnent.

3

(a} Qucte. . - : B
"16. Compatibility with state-of~the-art peripherai
and cenfrai processing devices of ARTADS and- pio-
Jected communications systems of the time frome.

‘

RATIONALE: Insures easy fielding and intertacing
with existing ADP suztems and communication
networks/svstems .

(b) Commenit. No comment.
(18) Quote and comment.

(a) Quote.
"{7. Man-machine relationship will be in accordance
with humanr engineering factorz standards and user
oparatiznal roguitencats.

PATIONALE: Requires deve%gpmen; of simpie, easy

. for cperator intervention.”

(d) Comment. The man-maching Interfate requirement is exiremely
im.ortant #nd needs to be more specific. 3See the procedures in suyb-
paragraph Z2-4e of this section.

(19) QCucte and comment.

{2) Quote.

“"18. The design wil! be such that the proposed dis-
piay, when ogerated in conjunction with the digital
data source, complies with tne provisions of AR 530-4
ang the NACSEMS 5100 Series.

RATIONALE: The display muyst comply with
ex’sting Army reguiations and Federa! Standzrds
pertaining 1o signal security.”

(b) Comment. No comment.

Guote and comment.

I ]Hlﬂyﬂ 11 [
o~
N
P
e

{a) OQuote.

' "i9. The sbility to display a cursce~ symbol to
position circles, vectors, piotting points and
svmbeis on the 4isplay surface.
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RATIONALT:  Allows the operator 16 find, mark
and move (add, delete) items on the display
screen with a minimum of searching and confrsion.”

(b} Commeni. This requirement is not necessary “or the 30D since

the daviza is not required to bz interactive.

(21) Quote and comment,

(a3} Quofte.
"20. Random selection and display of any one map
under the controi of either the operato or déta source.

RATIONALE: Requires rapid map changing. ©3n be
operator controlied for corrections or magnificntion
of map ares or computer conrvroliad to provide a graph-
ical response to a query."
{db} Comment. The map background is a part of any tactical situ-
ation display. As such, the desired map background shouid appear auto-
maticaliy when a dispiay is transferred to the GD9.

{22} Quote and comment.

{a) Quots. -
w2}, Wil have the capability to display approximateiy
- one~fourth of the map area for 2X magnitication of
both horizontal and vertical dimensions., This will
ve 3 real or near-real time capabliliity.

RAT{OMALE: For detailed analysis and control by
commanders. The magnification of map resuits in a
greater display of detail, especially nceded in
static tacticai situations., The respunse times
should he very near ‘the query response times given
in Annex A.Y

{b} Comment. The anility to providc map background magnii cavion

on the GDD is desirable.

{73} fQuote any comment.

{ary Quote., )
*22. Distortion of the projectec map will be 0.0%
to 0.5%.

RATIONMLE: Provides an accurate, readable map with
easily distinguishable symbols.®
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= (v) Comment. Minor distortion of the map background is only
important in its effect on the user's perception of dynamic symbol
placement accuracy. The characteristic appears to assume a projection
= ~technique as the means of displaying maps. The technique should not be
~specified.

(24) Quote and comment.

A
!

i

(a) Quote.
"23. Provide for constant relative registration
of the computer driven display and the map back-
ground through magnification modes.

) RATIONALE: Limits and tles the active dispilay
distortion to Characteristic C(5)(a)22."

(b) Comment. In display systems evaluated during the test, the
eniargement of an area of the map tended to--improve the symbol placement
accuracy since inaccuracies are constant in relation to screen height
and width. Map magnification increases the physical dimension that
1,000 meters occupy, thus the svmbol placement accuracy as perceived by

R St eyl s N

H the eye is increased.

z .
g - (25) Quote and comment.

£ (a) Quote.

E "24. Highlight updated information until acknowledged
£ by the operator.

% RATIONALE: Permits the commander to be adviscd

4 graphically of current events and highlight the

§ most recent for required review. After review and

E acknowiedgement, the highlighting can be stopped

| and the correct symbol and color can be inserted

£ on the display."

(b) Comment. This reguirement appiies to the console, not the
GDD.

(26) Quote and comment.

(a) Quote.
"25. Capability for refaining the existing image
if the channel to the computer is interrupted. Also
desired is the automatic capabiiity of reproducing on
the overlay reproducer al! information displayed
irmediately preceding a GDD or associated equipment
failure. Wwhile inciusion of this capatility may be

. cr -

=
=
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presently prohibitive for economic reasons, it is
inherent in providing adequate continuity of
operations to support mission execution,
RATIONALE: Provides a -degraded mode of operation
if display device or data link fails. Insures
continuity of operations, limifs loss of infor-
mation and limits tThe size of the manual backup
system,"
tb) Comment. GDD persistence for the purpose of CONOPS may not be N
required. The local display processor provides CONOPS if the TOS data
link fails., The concept of using the overlay reproducer for CONOPS is
good. (See (28)(b) below.) N
{27) Quote and comment.
{(a) Quote.
"(b) Display Control Console (DCC)*¥x¥ n
(b) Comment. The DCC is unnecessary. Control of the GDD is
through an inferactive graphic display console.
(28) Quote and comment. £
=
(a) Quote.

"(c) Qverlay Reproducer. For the purposes of this
document, an overilay reproducer is defined as the
device which produces permanent, transparent over-
lays which are suitable for use with standard Army
maps, or their projections. The overlav will be
computer genarated and shall be capable of printing
al! symbols displayed on the GDD. The environmental
characteristics of the overlay reproducer are
identical to those required for the Group Display

for both storage and operating conditions. Overlays
should be cn a singie transparent sheet capable of
muitiple reproduciions to coincide with the size of
the display, any part thereof or the size of standard
Army tactical maps e.g., 22" x 29"; 28" x 36" is re-
quired for the 1:1,000,000 map. The overlay reproducer
shall have some method to distinquish betwe2n friendly
and enemy symhols,

RATIONALE: The reproducer produces graphic situation
overlays for use away from the device. |ts application
in a tactical environment will require a hardcopy
capability., The overiay can be then used with a

8 Lo




hardcopy Army map or hardcopy projection. Thus, it
is required that the overiay relate on a i1:1 ratio
with the correct map or man representation sirze.

The data being printed is from the data base of the
GDD and controllied registration {1:1) is needed., The
reproducer is mcunted and operated in the same

(or similar) locations as the main 105 comprnents,
and must withstand the same environmental conditions.
Provides flexibility if the GDD is in the magnifica-
tion mode. Maore than onz overlay is needed if several
smaller unit commanders are to us< the samwe arapn.c
information."

(b) Comment.

1. The overlay reproducer is a separate device and should operate
independent!y from the GUD and the AC. The reproducer shouid be designed
to. produce overlays wvhich are suitable tor use with standard scald ward
copy maps (not projected maps). The reproducer is required 13 make
copies of scenes displayed on the consoies raither than the GDD. ({(Any
scene on the GDD is first displaved on a console, then transferred to
the GOD.) A multicopy ability is required. The size of the copy should
e at least | meter by | meter. This is the si~e required for a
50~ki tometer by 50-kilometer area of coverage on a 1:5(,000 scale map.
The misconception by specification writers thal coverlays should be the
size of standard military map sheets should be avoi-led. The size
rearirement must be based upon the tactical area ci interest. for a
division, this is approximateiy %0 kilometers by “{ kilcmeters. The
hard copy reproducer should be able to provide copy to any standard
military map scale. The copy should be {c scaie 5 that it can be
overlayed on standard miiitary hard copy maps. f‘werlays should be on
transparent material so that map data can be seen thiough them. This is
not intended to exclude output on other mrterial such a5 paper.

2. Overlays output in color are desirable. &1 lesst twe colors
are needed to differentiale between enemy and :+iendiy symbology. The
colors uysed should hzve a high degree of confrast to the papar map
colers. The overlay reproducer should be capable of remcte operation.
This allows the transmission of overlays to lower echelons which may not
have on automated displav system. Such a device may require a small
memory unit or buffer to preclude tying up communication iines. The
overlay reproducer can be used tor CONOPS. Periodic outputs of Importamt
displays could be used during system performance degradation or during
T0C displacement. The statement "The overlay reproducer provides
‘texibility it the GDD is in the magnification mode." s unclear.

c. Anatysis console.
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{1) Quote and comment,
(a) Quote. o T
MEY Analysis Console {AC). The AC will provide
the manimachine interface between the coimander's
staff and directly supporting units and the computer/
data base. The dovice will operate os a graphical
dispiay and as alphanumeric input/output device
allowing the user access to the computer's data base.
The analysis console will consint of the following .
modules.” ) .- N
by Comment. (ntecactive qraphic display consoles are the man-
machine interface befween the commandsr's staftf and the computer. As .
such, their capabliity for interaction with the computer is exti.emely )
important, Procedures for inieracting with the computer must he kept
simple. (See subparagraph 2-4e of this section.)
(2) Quote and comment,
{a) Qucte.
"(a) Map Display Module:
1. will display Army maps, their reprecentation or §%§
their prajection in a reduced scale in color on the -4
face of the display.
2. The displayed Army maps wili be boih standard
T1:59,002; 1:100,000; 1:250,000; 1:1,000,000) and
non=standard {mosiacs, photographs or their repre-
sentatio~s).
RATIONALE: To aliow fhe user to view the tactical
situation on a standard Army map."

(b} Comment. The display of map backgrounds on the interactive S
graphic display console display surface is a requirement, l!deaily, the
operator shouid be able tc specity any area of coverage and desired
level of detall {e.g., roads, rivers, towns, grisds). The area of :
coverage should be displayed on the full image area of the screen by
only sperifying the coordinates of two diaqonz| corners of the desired
area. This ability allows the user to obtain sny size magnification
that he desires at a given moment, The use of di-sital map data is one
way that this desired background ability coutd be accomplicshed. An
optical projaciion technique with 2oom and filtering capabilities is
another way 1o attain this background coverage.

{3) Quote and comient.
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Quote.
"3, Wil provide random selection and display of
any one map under the cantro. of either the oper-
ator or data source.

RATIONALE: Reguires rapid map changing. Can be
operator controlled by coirections or magnifica-
tion of map area or computer controlled to provide
a graphical response to a query."

(b* Comment. Random selection of backgrounds is required. The
background sefection should always be under user control, not data
source control,

{4) Quote and comment.
{a) Quote.
R4, Wil! have the capability of 2¥ magniticaticn
of approximately !/4 of the disnlayed area. Whife
in magnification mode, the scale of the display .
will be approximately equal tu +he actual map scaie.
This will be & real or near real-time capability.

P RATIONALE: For detciled analysis and control by

L. ccmmanders or staif personnel. The magnification
of map resuits in a greater display of detail,
especially needed in static tactical situations.
The response Times should be very near the query
response times given in Annex A."

(t) Comment. The ability to provide map background magnification
is required. Magnification should be no problem if the user is able o
spe~ify any 2-ea of coverage.

(5) Quote and comment.

(a) Quote.
"5. Geometric distortion of the projected map wiil
g be N.N% to 0.5%.

AN S L I P e B e i P R

"
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RATIONALE: Provides an accurate, readable map
with easily distinguishable symbols."

A,

(b} Comment. Minor cistortion of the map bazkground is only
imporiant in its effect on the user's perception of dynamic symbol
placement accuracy. The characteristic appears to assume a projection
technique as the means of displaying maps. The technique should not be
specitied. -
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(6) Quote and comment.

(a) Quote. Co-
"(b) Graphic Display Modulr». Graphic Display Module
will: '

|. Provide capabitity of superimposing dynamic
Slphanumeric and graphic information on *he map
background.

RATIONALE: Required to provide the fiexibility
needed and meet system functions for the Analysis
Console,"

(b) Comment. The ability to display F¥ 21-30 symboioqy cn a map

background is a requirement. For specific requiremen*s see subparagraph
2-4b0 B

(7) Quote and comment.

{a) Quote.

"2. Provide visual distinction between enemy and
friendly forces,

RATIONALE: To allow the commander or staff 1o
differentiate between friendly or enemy forces."

(b) Comment. Color is the best means of visual distinction, At
least three colors are required. Three colors allow friendly, enemy,
and controi measure syrbols to be color coded.

(8) Quote and comment.

{a) Quote.
"3, Provide for constant relative reqgistration of
thie computer driven display and the map backyround
through magnification modes.

RATIONALE: Limits and ties the active display dis-
tortion to characteristic c(6)(a>§:"

(b} Comment., In display systems evaluated during the test, the
znlargement of an arsa of the map tended to improve the symnbol placement
accuracy since inaccuracies are constent in relalicn to scieen height
and width. Map magnification increases fthe physical dimension that

1,000 meters cccupy, thus the symbol placement accuracy as perceived by
the eye is increased.
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(9) Quote and comment.

(a) OQuote.
"4. Display a cursor symbol (controlled bv the

operator) to indicate *he iocation for graphic
symbols on the dispiay screen.

RATIONALE: Allows the operator to find, mark and
move (add, delete) items on the display screen
with a minimum of searching and confusion."

(b) Comment. There are two basic methods for positioning a data
item. One method is the use of a map background to "eyeball" the
desired location and then indicating this position to the system by
pointing. The other method is by keyboard entry of the ccordinates.
The onsole must give the operator the option of using either method.

(10) Quote and comment.

(a) Quote, N
"5. Display a "Marker" symbol (controlied by the
operator) ro indicate the location where alpha-
nuneric data is to be placed on the display screen.

RATIONALE: The cursor symboi s ineffective for
noting the position of alphanumeric data, and
therefore a “"marker" symbo! is needed."

(b} Comment. A marker symbol is required to show the operator
where the next added alphanumeric character will appear or which alpha-
numeric character is to be changed or deleted.

(1) Quote and comment,

(a) Quote.

"6. Display iwo symbcl sizes which conform fo con-
ventional symbology (FM 2(-30).

RATIONALE: To accommodate the different types of
display devices. Display of two symbol sizes allows

the capability to transfer displayed data fo smaller,
remote screens.”

(b) Comment. The symbol size should be variable upor operator
request. This will allow him to select the sizz bsst suited for a
particular display scene. However, the console should be designed with
one optimum symbol size in mind, The primary constraints are individual

symbol legibility and the number of symbols required to be displayed at
any one time.
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(12) Quote and comnient.

ta) Quote.
"7. Higniight updated information untit achkcwledged
by the operator.

RATIONALE: Permits the- commander cr staff to be

updated graphically of current events and denotes )

the most recent for required review. After review

and acknowledgement, the highlighting can be

stopped and the correct symbol and -color can be

inserted on the dizplay. Provides interfacing .
+erm;nals which permit operation of device away

from vicinity of RCC or CCC."

(b) Comment: All datad received from other ADP sources shouild be
highlighted upon initial display, At that time; the user Should be able
to.add it to his data base,..add it to a data category for review at a
later time, or deiéte 1+. Blinklng is an actépféble -methéd: of high-

lighting. Any other method which is equally as attention getting is
acceptable. B

(13) Quote and commént.

“W‘W‘ﬂ

(a) Quote. :
"8. Highlight selécted data. <(Data is pre-selected
by the operator into groupings.)

RIS
¢

RATICNALE: Provides eaqy recogntfson of critical
groupings or symbols."

(b) Commént. The ability to high!ight on a permanent basis is
best done by c¢olor. However, other techniques such as increasing the
brightness of the critical symbols is acceptable. The -preferréd method
for temporary highlighting is to cause the critical symbols to b!:nk.

(14) Quote and comment.

(a) Quote.
"9. Display sélected characters, words, and lines
to aid in the composition of frée text message.

RATIONALE: To aid the operator in the composition
ot tixed format messages."

(b) Commenf Composition of alphanumeric messages (fixed or
variable format) is more efficiently done on a séparate alphanumeric
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display console. The graphic console should not be used routinely to
format alphanumeric messages. However, alphanumeric data can- be Input
or called up and Jisplayed on the graphic console as needed:

(15) Quote and comment.

(a) Quote.

"10. Have variable brightness/contrast of Zis-
played information.

RATIONALE: To allow the operator the ability
to adjust the screen brightness with relation E
to the ambient light." :

(b) Comment. Brightness control cf each color of symbology and L
the map background should be under user control. This allows *+hé oper-
ator To subdue categories of information not of particular interest at
the moment in addition to adjusting for the ambient }ight environment.

(i6) Quote and conruent.

{a) Quote.
"l1i. Display from 70 to 140 message formats
on call.

"12. Display (under operator control) a message
format directory or present key word groupings.

RATIONALE: 7o aid the operator in the composition
of fixed format messages."

(b) Comment. Graphic display consoles should not be used for
routine alphanumeric message entry. Composition of alphanumeric mes-

sages is more efficiently done on a separate alphanumeric display
console.

(17) Quote and comment.

(8) OQuote. ?
"(c) Display module. Display module will be ;
identical to that of the LMICD.

RATIONALE: MIOD Display Module meets alpha-
numeric Inpul/Output requirements of the analysis
console. (See MIOD rationale).”
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(b}

Comment. This module is similar to the alphanumeric display

console referred to in subparagraphs (14)(b) and {i6)}(b) above.

(18}

(a)

(b)

Quote and comment.

Quote.

"(d) Memory Module. Must provide sufficient
storage to:

1. Produce and hold a flicker-free display(s).

2. Provide buffering between the data terminal
module and other component modules and devices.

3. Permit the Analysis Console to meet the
required capabilities.

RATIONALE: Storage requirements are dependent
on Tthe design, confiquration, and programing used
in the Analysis Console."

Comment. Concur if the display technique for the consoie is

one which requires memory to refresh the image (e.g., CRT). However,
other display techniques may nof require memory integral with the con-

sole.
(e

(a)

(b)

Quote and comment.

Quote.
"(e) Keyboard module will:

1. Permit the use of the Standard ASCli 64 char-
acter subset and the use of necessary control
characters.

RATIONALE: Provides standardization of characters
and permits operator control over placement of
symbols and composition of messages."

Comment. The 64-character ASClI set is required. The alpha-

numeric keyboard layout should be the same as found on standard type-

writers.

(20;

Quote and comment.
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(a) JQuote.

"Z. Permit the selection of present or dynamic
displays by the operator, such as boundaries,
cnemy ECM and friendiy antenna sites, radiation
fallout contours, etr.

RATIONALE: Providas starting point for creating
ard analyzing tacti:al situation dispiays amij
permits the sterage of situation disnlays for
later analysis or viewing."

b) Crmment, This requirement js equivalent 1o the category
seiection featwrz discussed in subparigraph Z7-de of this section. This
capobility is very important,

£21) %uote ard comment.

(a) Quote.
"3. Permit the printer module fo copy the
desired messane.

RATIONALE: Providesz operator contr-oi over the
printer an¢ permiis haracopy reproduction of
certain messages for use awav from the Jdevice
or for non-computer storage."

A e 3 0 A A A A A A o AN AR R
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(v; Comment. Concur.

whlodd B dgte e Y e

(22) Quote and comment.

{a) Quote.
"4, Permit initiation of transmission of data
to the computer and other devices.

P I R R LI T TR

s

RATIONALE: Permiis operator confrol over out-
going messaje iransnmissions.”

(b) Lommert. Concur.
{23} Quott and conment.
{a)y fote.

L13=4

5. Permit selection of mode of operation
{3ingle or Soth screans).

RATIONALE: Allows the operator to address one
display at a time and not have a distracting
second display. Also aliows Interaction between
the two displays for greater flexibifity.”
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(Y Comment. The consoid should have a sepurate area for dls-
playing certain alphanumeric data. |t can be on the same s:reen as that
used for qraphic displays, providel it Is separatc from the graphic
disptay; or if can be on a nearby separate screen. Data displayed in
this area will include alphanumaric gate associated with a displayved
symbols such as Its grid coordinaies, or firee-text remarks pertalning to
a displayed symbot, Tabular chart data may also be calied up and dis-
played here. For routine Ingput-output of alphanumeric messages and H
data, a separate alphanumeric display console should be used. ;
{24} Quote and comment. .'i
(a) Quote. %
"6, Permit composition/entering and editing of o
ziphanumeric and graphic data. .
RATIONALE: Permits operator control of message %
3 senaing, preparaticn, revision or correction.” H
E (b) Comment. A keyboard is necessary for interaction with the
g’ dispisy, Routine messages should be prepared zt a scparate alphanumeric
£ display console and not at a graphic console.
E (25) Quote and comment, gf%
E (a) Quote.
E "7. Permit positioning of a "marker” symbol,
3 RATIONALE: The cursor symbol is ineffective for
3 noting the ,osition of alphanumeric data, and
3 therefore a "marker" symbol is needed.”
E (b» cComment., A marker symbol is required to show the operator
E vhere the next added alphanumeric wil! appear or which alphanumeric s
- to be changed or deieted. |
§ (26) Quote and comment. ?
3 (a) Quote. :
o "8. Permit positioning of a cursor symboi by F
3 a track bal!, joy stick, etc., or via input of
e map coordinate values.
E RATIONALE: Requires operator centrol using the
3 two most common position {ocators."
E, (b) Comment. Concur. See subparagraph (9)(b) above for comment.
1; (27) Quote and comment. oy
108 - R




G

y
X
£

i '%» " ’5,

i
3

HE S

i

it

:;;_{é
E
%
=
g

o~

]

N

N*\‘

Wit

AR
&

{a)} uot:,
g, Tab functions to be set manually or under
format control.

RATICNALE: Time and labor saving feature
designed to enhance the operator's speed and
accuracy.”

(b} Comment, This characteristic may not be required on a graphic
console keyboard,

(28} Quote and commer:t,

{a) Quote.
"iD. Permit selective insert/delete of characters,
wards, and 1ines (inciuding punctuation and symbols)
to aid in the composition »f messages,

RATIONALE: Pzrmits operator control of mezsaqe
sending, preparation, revision or correction,"

thy Comment. This characteristic may not be required on a,graphii
console keyboard.,

(29} Quote and comment.

(a) Quote.
"i. Parmit “read-in" of curgor position (coordin-
afes); drawing of vectors and circies; plotting
points, and symbois; deletion generation and rejo-
cation of symbols; display of distances; acknowledge-
ment of receipt of a message or display information,

RATIONALE: Applies to graphic data using common
symbols and inouts, Permit operator action or
received mgssages (for control purposes).”

(b} Comment. The functions {isted in this characteristic only
outline the basic interactive capabilities required of an interactive
display console. For a more detailed description of the required
interactive capabilities, see subparagraph 2-de of This section.

(300 Quote and comment.

{a) Quoie.
"12. Provide control over audio/visual ignale<
when pre-sefected data categories are dieplayed,
certain parameters are exceeded or a contrnl message
received. The operator can manually cancel the
indicators by acknowledgement.
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RATIONALE: Certain data is too important to

rely on the highlighting capability. The
specified data, the indicators, and the para-
meters are under operator conirol because each
A.C. user will have a different primary purpose."

Comment. Concur.

Quote and comment.

Quote » T -
"13, Start (initiate) hardcopy of a message.

RATIONALE: Permits operator control if over-
riding of programed functions is required.”

Comment., Concur., A specific pushbutton (e.g., PRINT} could

Quote and comment.

Quote. . B
"(f) Control Module will:

1. Provide for activation of audio and visual
signais by operator or preselected categories.

RATIONALE: See Characteristic c(&)(e)lg:"

Comment. Some-audie and vi=ual signais will require automatic

system activation (e.q., highlighting of & symbol newly input from TOS).

{(33) GuOtgzgﬁd commant,

Quote.

"2, Provide separate control over brightnass/
contrast on the map background and the computer
driven data,

RATIONALE: Environmental changes (sunlight,
darkness’ require varying display intensities to
meet readability criteria.”

>

Comment, Concur, Brightness control of each color of dynamic

symbology and the map background should be under user control.
will aliow the operator to subdue cateqories of information not of
particuiar interest at the morent.

the ambient {ight environment,
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(34)

(a)

(b)
(35)

(a)

{b)

Quote and comment.

Quote.
ﬂz. Provide for control of traffic between
the modules of the AC.

RATIONALE: Permits orderly interfacing between
the modules that make up the AC:"

Comment., HNo comment.
Quote and comment.

Quote.

"4, Provide for selection of preset dynamic
dTsplays and capatility to alter the displays
via operater confrol.

RATIONALE:; Provides immediate correctional
capabilities to ithe operator. The operator
must only correct iniormation or data he origin-
ated and/or reviews before enfry to-data base.”

Comment. The ability to store and to display historical data

is 2 requirement. The ability to modify a recalled scene and re-store
the modified scene is aiso a requirement,

(36)

(a)

{b)

Quote and comment.

Quote. . -

"5. Provide for cali-up of a message format
dTrectory (of {00 to 200 formats) and, at request,
call up any message format in that directory.

RATIONALE: Gives user ability to rapidly compose
messages for transmission. By reducing messaqes
composition time, TOS will require fewer AC's and
therefore, fewer users, resulting in e faster
response 1o queries.,"

Comment. Routine alphanumeric input or output is better done

from a separate alphanumeric display console; however, the graphic con-
sole should have this capability.

(37)

Quote-and comment,

m




(a) Quote.
"6. Provide for call-up of key word groups,
priority groupings, functional areas or any
other data configuration and display the
subset(s) of those groupings on request.

RATIONALE: GRequired to provide user with
access to the date banks. Allows user to
reference lists to help in preparing queries
and SRite,"

(b)Y Comment. |f the data referred to in this requirement is
alphanumeric, the comment in subparagraph (36)(b) above applies.

(38) Quote and comment.

{a) Quote,
"7. Provide for call-up of a |ist of abbrevi-
ations to be used in composing messages or
displays.

RATIONALE: See Characteristic c(6)(f)5."
(b) Comment. See comment in subparagraph (36)(b) above,.
(39) Quote and comment.

{a) Quote.
"8. Provide capability for updating symboloqgy
as the new symbois evelve from the military
application of automation.

RATIONALE: Needed for readabiiity of AC and
ad justment of TOS to future developments,
should new symbols evolve."

(b} Comment. The operator must have the ability to creaie miti~
tary branch duty and graphic symbols that are not contained in the
system symbol library. The operator should be able to manipulate a
created symbol in exactly the same manner as a symbol in the permanent
symbol [ibrary.

{40) Quote and comment.
(;) Quote.

"9. Frovide for storage of any display (operator
specified display) for later re-display.
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% RATIONALE: Permits user to save a display and .

i eliminates later recreation, thus saving the

é operator's time. Storage can be done locally

-2 or at the RCC." :

P

% (b) Comment. The ability to store and to display historical data g

% is a requirement. The ability to modify a recalled scene and re-store ;

B the modified scene is aiso a requirement. >

% (41) Quote and comment. %

= (a) Quote.

%’é "i10. Provide local ‘correction of data and on 3
= command, alter the data base. §
. &
§ RATIONALT: Needed for system/data base pro- §
= = tection \against 9 operator errors)." 5
§ {b). Comment. Concur. ]
*— - § (42) Quote and comment,
:1 % (a) Quote,
ek 5 "1l. Have the capability of both screens to te
S T separately addressable by the operator.

e = RATIOMALE: To allow the user to review and/or
2 compose “wo separate messages simultaneously,”
E = (b) Comment. The rationale should read: ™"To allow the user to
- g monitor the tactical situation while inferacting with alphanumeric data.
= § (43) Quote and comment,
k § (a) Quote.
i3 gé g’ "12. Control registration of computer gererated

= = data with the map.

= RATIONALE: Requires the display to hold and

s B maintain accuracies of read-in positions within

E: & an acceptable limlt,"

: 2 (b) Comment. Concur.

r :% (¢4) Quote and comment.

]

E = (a) Quote.

e o "(g) Power Unit Module will be simifar to that

e found in the MIOD.
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RATIONALE: To aliow foir svandardization of
equipment within the uystem t-rough a standard-

ized power module.”

; (b) Comment. No commerit.
; (45) Quote and comment.
(a) Quote.
§ "(h) Printer Module will be ‘dentical to that
! found in the MIOD. :
: RATIONALE: To allow for standardizaticn of
i equipment within the system through a standard- :
ized printer module."
i (b) Comment. See subparagraph 2-4e of +his zectinn for additional
i printer requirements.
]
(46) Quote and comment.
(a) Quote.
"(i) Dasta Terminal Module. Data Terminal 7
Module provides for: 1
-4
1. Transmission and reception of nessages
from the RCC thru either wire or raqic mediums.
2. Alternate transmission links to the CCC
! or other RCC's when the primary RCC is down.
§ 3. Full Dupiex Operation.
f 4. Meeting requirements for data terminals (DT).
% RATIONALE: Sincs an input/output device is used y
: in the field and subject to destruction, it must
use all available communications to provide .
flexibility and reliabiiity. Full duplex is '
3 needed to meet the response time and eliminate
: the need for extra AC devices."
% (b) Comment. No comment.

d.

n

Revision and update of the MN for TOS. The requirements in the
MN for TOS are in need of revision and update foi- several reasons.

The findings described in paragraph 2-3 of this section do not

support the envisioned role for the group display device and the analysis
ronsole that is implied in the MN for TCS.
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(2) The requirenents in the MN for TOS are incomplete., . addi-
tion, some listed requirements are not fully explained while others are
not realistic. Furthermore, the FM 116 experimentation surfaced require-
ments which were not envisioned when the requirements in the MN for TOS
were written,

(3) The listing of the raquirements in the MN for TOS by functional
module is confusing. Some of the modules |isted have no apparent cor-
responéing physical device (i.e., the control module for the analysis
console). A better way to organize the requirements is to specify them
by physical device (e.g., group display output device, interactive
graphic display console), The requiraments for each device car be
cateqorized by dicplay characteristic (i.e., viewability ot displayed
data; placement accurcacy and display completeness; map backgrounds;
timeliness and ease of use; and reliability, availability, and main-
tairapility),

2-6. Specific Automated Display Requirements. o =

a., General.

(1) This paragraph states specific requirements for an automated
display system. The requirements apply to a display system for use by
commanders, intelligence (G2), and operations (G3) staff personnel in
division TOC's.

(2) The requirements are extracted from the narvraiive discussion
in paragraphs 2-3 and 2-4 of this section. No new data is oresented.
1he requirements and supporting rationale are individually identifi=d
and grouped by device {i.e,, infercctive graphic display console, group
display output device, etc.). The list of requirements collectively
gothers all the requirements for each device giscussed in paragraphs 2-3
and 2-4, and provides a ready reference for the interested reader,
Where applicable, each requirement and rationale is identified as belong-
ing to one of five furctional categories:

{a) Viewability of displayed data (VDD).

(b) Placement accuracy and display completeness (PADC).

(c) Map backgrounds (MB}.

(d) Timeliness and ease of use (TEU).

(e) Reliability, availability, and maintainability (RAM).

(3) The words "must" or "required" arc used to indicate essential

requirements, and the words "should" or "de=irable" are used 7o denote
requirements which are considered highly desirable but not essential.
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(4) Since this paragraph Is only a reorganization of the require-
"~ ments discussed In paragraphs 2-3 and 2-4 of this section, the reader
may, If he deslires, proceed directly to section !ll. Section 1!l is an
evaluation of how well the three different automated display systems met
the specific requirements.

b. Automated display system (general).
(1) Requirement and rationale number 1.

(a) Requirement |. An automated display system must satisfy
different users in a TOC.

(b) Rationale. The division G2 and the G3 are consldered separate .
users, since thay have different information requirements. The require~
ments which must be met by the dispiay system vary depending upon the i
user. Thus, configurzrion of the components required to satisfy differ- i
ent users also varies, -

(2) Requirement and rationale number 2,

(a) Requirement 2. As 2 minimum, an automated display system must
have two basic components. The first is a local display processor which
allows the reccipt, storage, retrieval, display, and manipuiation of
data. The processor also controls the operation of the other hardware
components in the Jdisplay system. The second basic hardware component
is the interactive graphlc display console.

it

ol

i
& Wi

(b) Rationale. The functions that the processor must perform
dictate that It be separate from the TOS central computer and that it be
dedicated solely to the operation of the display system. It Is Inef-
ficient and impracticai to require the TOS central computer +o do the
display data processing as wei! as conirol all the devices of the system,
The problem is compounded when a number of display systems are linked to H
TOS, thus multiplying the total number of devices to be controlled. The :
sepirate display processor is not oniy more user responsive, but It also .
acts as the single point of contact for interaction between TOS &and the
display system., The display processor also facilitates "stand-alone"
operation of the system and provides a built-in CONOPS benefit. The
interactive graphic display conscié Is the primary user device for
displav of, and interaction with, computer stored data. The console
f~atures which make this possible are a display surface dedicated to the
presentations of displays for a specific user; ths conirois, such as
keyboard, jcystick, and light pen with which the user can recall,
create, modify, or delete displays; and a positive visual feedback on
the display surface which allows the user to monitor display manipula-
tion.

(3) Rejuirement and rationale number 3.
116
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(a) Requirement 3, Software should receive first pricrity in the
development of an automated display system.

(b) Rationale. This does not mean that initial emphasis is Vo be
placed on developing detailed legic flow diagrams. Rather, detailed
answers should be obtained for the question: "What procedures should be
designed fo permit the user to meet his requirements with maximum ease?".
The answers to the question will define the software required. The
software will provide vital quidance concerning hardware type and con-
fiquration. This approach defines the user's needs and identifies the
software required to meet these needs before the hardware is procured.
The logic of this approach is befter than the common practice of buying
the hardware and then designing software to fit the hardware. Addition-
ally, software comprises the bulk of system development cost, and
therefore, should receive priority.

(4) Requirement and rationaie number 4.

(a) Requirement 4, User comments must be actively solicited by
the hardware and software designers in all stages of system development.

(b) Rationale. The user is the most important element in the
successful design of an automated system. Violation of this requirement
could result in the fielding of a system which may be rejected in favor
of the current manual operation because it does not do what is wanted,
is too complicated to operate, or is simply Too cumbersome.

(5) Requirement and rationale number 5.

(a) Requirement 5, An automated display system is required to
operate in a field environment, under all weather conditions., It must
perform the display functions associated with mission accomp!ishment for
command and staff parsonnel in a tactical operations center., Key com-
ponents of the system are required to operate continuously (24 hours per
day, 7 deys per week) for varying periods. The system moves whenever
the tactical situation dictates that the TOC must displace. The system
must meet high standards of reliability, availablility, and maintain-
ability. The equipment must be rugqed, compact, lightweight, and it
must not degrade mobility of the TOC. The cperational availability of
the system should approach 100 percent. This should take into account
both hardware and software caused failures.

(b)Y Rationale., The display functions of an automated display
system involve the input, processing, manipuiation, storage, retrieval,
display, and output of data contained in TOC working files such as the
current friendly and enemy situation files. The inability o perform
one or more of the above functions even for short periods (e.g., 10 to
20 minutes) degrades system performance, could affect mission accomplish-
ment, and is undesirable.
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(6) Requirement and rationale number 6.

() Requirement 6. Procedures must be provided to facilitate
continuity of operations during varying-degrées of system performance
~degradation and during system displacement.

(b) Rationale, The TOC must continué to operaté during total or
partial system failure and during displacement,

c. Display processor,
(1) Requirement and rationale number | (RAM). ¥

(a) Requirement |. The display processor is required to operate
24 hours a day, 7 days per week, for varying periods.

(b) Rationale. The display precessor controls the operation of an
automated display system. The system components which it controls
become inoperable whenever the processor fails., Conseguently, the

processor's reliability, availability, and maintainability requirements
are the most stringent.

(2) Requirements and rationale numper 2 (RAM),

(a) Requirement 2. If it is necessary to return to full operation g _;
when preventive maintenance is being performed, the preventive maintain- ’

ance must be completed or terminated so that full operation is restored
within 15 minutes.

s
—

(b) Rationale. Preventive maintenance actions are normally sched-
uled during periods of expected decreased activity in the TOC. However,
it activity should pick up, it must be possible tc complete or terminate
the preventive maintenance so that full operation iIs restored within
I5 minutes. Any time longer than this could severeiy hamper continuity
of operations and could force the user to revert to some other method of
operation to replace functions performed by the system.

(3) Requirement and rationale number 3 (RAM).

-(a) Requirement 3. The processor must be designed in such a
manner that any unscheduled maintenance action takes no longer than
IS minutes. This time Is measured from the moment it is first sensed
that the system is down until the system is again operational. The ti~e

includes fault detection, isolation, and correciion as well as adminis-
trative and supply delays.
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(b) Rationale. Any time longer than |5 minutes could severely
hamper continuity of operations and could force the user tn revert to
some other method of operation to replace functions performed by the
system.

d. Interactive graphic aisplay console (individual display).
(1) Requirement and rationale number { (VUD).

(a) Requirement |. The console must be able to display the
64-character ASCl| set; the FM 21-30 symbols listed below; symbology
added to the symbol generator by the user; circles; ellipses; and free-
hand graphics such as symbols for boundaries and axis of advance. The
following symbols should be a part of the permanent symbol generator.

FM 21-30 {1lustrates each symbol and provides examples of the use of the
symbols.

Military Unit Symbols
HEADQUARTERS

CENTER OF MASS
TRAINS

NOTE: Military unit symbols must be displayed as actual or prcposed.
In addition, they must denote whether t+h< represented unit is a task
force.

Branch Duty Symbols

AIRBORNE ARMOR ENGINEER

AIR DEFENSE ARTILLERY AVIATION INFANTRY

AIRMOBILE CAVALRY MAINTENANCE

ANTITANK CHEMICAL PSYCHOLOGICAL OPERATIONS
FIELD ARTILLERY ENGINEER, BRIDGE SIGNAL

TRANSPORTAT ION

Graphic Symbols

OBSERVATION POST AMMUNITION SUPPLY POINT, ALL
COORDINATING POINT TYPES (combat service suppory
MINF, ANTITANK Instailation)

MINE, ANTIPERSONNEL All; STATION (combat service

POL POINT, GROUND (combat service support irstallation?

support installation)
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Line-Type Graphic Symbals

SOLID LINE DASHED LINE

TRENCH, BASIC SYMBOL TANK OBSTACLE, TYPE UNSPECIFIED

WIRE, CONCERTINA, SINGLE LINE OF CONTACT (defensive frontline
trace)

(b) Rationale. Tactical situation dispilays require this symbology
as a minimum, The selection of the symbols for Inclusion in the perman-
ent symbel |ibrary is based on their expected frequency of use.

(2) Requirement and rationale number 2 (VDD).

(a) Requirement 2. A minimum of fhree colors is required. Three
colors allow friendly, enemy, and contro! measura symbols to be color
coded, Four to six colors are desirable. Color selection must be based

uron obtaining a high degree of contrast in relation to the map back-
grounds the symbols will be displayed upon.

{b)} Rationale. Distinction of friendly symbols from enemy symbois
is possible on a cne color display by means of shape coding. However,
the enhanced ability of the user to readily distinguish between color
coded enemy, friendly, and boundary data items at a glance is required
to preclude delfay in thelr discrimination. Additional colors over and
above three allow the highlighting of selected symbeis or the color
coding of particular categories of information. The selected colors

must stand out from the map background data. This enhances dynamic
symbol legibl|ity.

{3) Requirement and rationale number 3 (VDD).

(a) Requirement 3. The operator should be able to easily identify
any symbol on the display while working under normal office lighting

(70 foot-candles at desk top level). Full legibillty with desk lamps
only at each work space is marginally acceptable.

- (b)Y Rationale., The console will generally be located near other
staff activities which require at least 70 foot-candles of ambient |ight
on their work area fto reduce eyestraln and fatigue. Alsc, the console

operator will be required to read printed or handwritten material during
the course of his duties,

(4) Requirement and rationale number 4 (VDD},

(a) Requirement 4, The symbol size should be variable upon

operator request, However, the console must be designed with one opti-
mum symbal size in mind.
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(b) Rationale. The capability to adjust display symbol size is
desirable but not absolutely necessary. |t would allow the operator to
select the size symbol best suited for a particular display. One optimum
symbol size Is required to facilitate the console design.

(5) Requirement and rationale number 5 (VOD).

(a) Requirement 5. The console display area must be large enough
to display a tactical situation (maximum of 75 military unit symbols for
a division) with a minimum amount of symbol clutter, but it must not be
so large that it causes the operator undue eyestrain or head movement.

(b) Rationale. For a given distance from the display surface,
ihere is a limit on how much area an individual can see without undue
eye or head movement. Operator eye and head movement are influenced by
two factors: screen size and operator distance from the screen. |IF is
assumed that the screen will be locaied within arm's reach of the operator.

(6) Requirement and rafionale number 6 (VDD).

(a) Requi-ement 6. The displayed symbology must not have any dis-
cernible flicker,

(b) Rationale., Flicker causes eyestrain.
(7) Requirement and rationale number 7 (VDD).

(a) Requirement 7, The brightness of each color of dynamic symbol-
ogy and each color representing a map data feature should be controllable
by the console operator. As a minimum, the operator must be able to

vary the ove-all brightness of the dynamic symbology and the overall
brightness of the map background.

(b) Rationale. Individual color brightness control allows the
operator to subdue categories of information which at a particular
moment are not of significant interest or which detract from other

information. Overall brightness control allows adjustment to suit the
ambient 1ight environment,

(8) Requirement and raticnale number 8 (VOD).

(a) Requirement 8. Fully automatic declutfer (offset) without
affecting currently displaved symbols upon initial display (regardiess
of whether manually created or received from TOS) of any symbol for a
military unit, spot report, sensor locations, etc., is required. The
declutter lines must be directly attached to the symbol.
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(b) Ratlonaie. The opwrator should nct be burdened with having to
manuaily decluiter newly entersd symbols, Currently displayed symbols
shouid not be affected. This prevents the operator's perspective from
being upset.

{9) Requirement and rationale number 9 (VDD).

(a) Requirement 9. The operator should be able to cause a compiete,
automatic redeclutter of the display. The redeclutter should relocate
symbols based upon the criteria of the shortest possible dectutter {ines
and no symbol overiap. Each symbol should be considered equally,

Priority of entry should have no effect.

(b) Rationale. The declutter of symbols in the display may at
times become very unsightly due to long declutter lines. Autmoatic
redecliutter allows the operator to quickly obtain the best possible
display.

(10) Requirement and ratiopale number [0 (VDD).

(a) Requirement 10. Co-located miiitary unit headquarters must be
automatically stacked before being decluttered upon initial display.

(b) Retionale. 35tacking alds the user in rapidly distinguishing
headquarters which are co-located.

(11} Requirement and rationaie number |1 (PADC).

(a) Reguirement ||. Data items superimposed against a msp back-
ground on the dinteractive oraphic dispiay console must appear to te no
more than 100 meters from the specified map location. This 100-meter
Iimit applies for any method of data item location: keyhoard coordinate
entry, coordinates transmitted firom an outside ADP source, pcints trans-
mitted from the map overlay input device, or direct entry by pointing to
the location on the console display. The limit applies reqardless of
the size of the area of coverage being viewed.

(b) Reticnale. Current manual procedures for plotting symbols
aqainst the 1:50,000 scale standard military map have an inherent plot-
tina accuracy. The average individua! updating a map in the TOC witl,
with few exceptions, position a given symbol within 100 meters of its
speclfied map location. Most display users in the ~perations and intel-
ligence sections of the TOC are concerned with the =ffect that symboi
placement accuracy has on the evaluation of the positional relationships
of the displayed symbols. While some users may require greater accuracy,
the Inheront accuracy of manual map posting is acceptable to most users
in the TOC.
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{12) Requirement and rationale number 12 (PADC).

(a) Requirement 12, Exact entry coordinates of data iftem jocations
entered by keyboard or by coordinates from an outside ADP source must be

displayed upon request.

(b) Rationale. The user shouid always have the option of referring
to the coordinate that originated a data item's location.

(13) Requirement and rationale number {3 (PADC).

(a) Requirement {3, For data ii3ms entered by pointing, as well
as locations entered via the map overlay input device, the coordinate
provided in reply to a query must be no more than 100 meters from the
data item's apparent map location.

(b) Rationale. The input of data items by either of these methods
shouid meet the 100-meter accuracy requirement,

(14) Requirement and rationale number |4 (PADC).

(a) Requi-ement {4. Data items located with single points must be
completely displayed if the point is inside the selected area of coverage.
This may require the automatic decluttering of the data item to ensure
that the entire item appears in the area of coverage such as when a
military unit is at the top edge of the background. If any part of a
multiple-point data item is in the selected area of coverage, that part
within the area of coverage must be displayed. The part to be displayed
mi-t include all points of the data item up to and including those at
the intersection of the item with an edge of the map background.

(b) Rationale. An incomplete display is unacceptable.
(15) Requirement and rationale number 15 (PADC).

(a) Requirement I5. Incoming messages (from an outside ADP
source) which contain branch duty symbols not in the system's permanent
branch symbol library, must display at least the first four aiphanumeric
characters of the branch duty designation (from the incoming messages)
inside the rectangle where the branch duty symbol normally appears.

(b) Rationale. This precludes the requirement for the system fo
contain all FM 2{-30 branch duty symbols in its permanent library. Many
branch duty symbols are used so scldom that their inclusion in the
library would be very inefficient from a software .ind hardware design
stand-point.
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‘£16) Requirement and rationale number (6 (MB).

(a) Requirement 16, An interactive graphic display console must
be capable of displaying map backgrounds for the three uses described
below: .

| Comprehension of +he overai!l situation. For this purpose the
user is not interested In being able 1o read all detaii on the standard
military topographic map, but he uses the map to pravide general orien-
tation for the superimposed symboiogy.

2 More detailed inspection of the terrain at or in the vicinlty of
a superimposed symbo! or symbols. In This case the user Is interested
in a more exact relationship of the symbols to the terraln,

3 Terrain analysis without superimposed symbology. For example,
when selecting the best terrain upen which to establiish a defense or
when plairing a route of movement, the user wants +o view the map back-
ground wi." no superimposed dynamic symboiogy.

(b) Rationale, Map backgrounds are used in the TOC tor the three
purposes described., A map background is an essential part of any tac-
tical situvation display. The display of the situation is rejatively
useless unless the symbology Is superimposed upon a map background,
thereby orienting the symboliogy to the terrain.

(17) Requirement and rationale number 17 (MB),

(a) Requirement |7. Map backgrounds based on the UTM grid system
will normally be displayed on the console, However, the console should
be able to accomodate other military grid systems. The UTM grid system
requires that the consele be able to display areas of coverage which
include the junction of two or more map sheets and the junction of two
or more [00,000-mater grid zones,

(b) Rationale. Maps having the UTM gr d system are used in TOC's,
Situation maps are frequentiy made up of two or more adjacent map sheets,

(18) Requirement and rationale number 8 MR).

(a) Requirement 18, The console must be able to display an area
of coverage large enough to permit superimposing dynamic symbeloqy for
most user tactical situations displays. User data indicates that an
ares at least 50 kilometers by 50 kilometers is required for an overall
situation display of an armored or mechanized division. The console
screen must be designed to provide this area of coverage.
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(b) Rationale. The user must have a map background area of cover-
age of sufficient size to depict tactical situatton displays.

"

(19 Requlreme:if and rationale number 19 (MB).
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(a) Requirement 19, 1T Is assumed that the screen is within arm's
reach of the operator. The operator must view the entlire screen image
area from this-distance without undue eye and head movement.

(b) Rationale. The arm's reach distance makes any symbol on The
- screen convenient to point at or otherwise interact with. Minimal eye
and head movement minimlzes operator eyestrain and fatigue.

R

% (20) Requirement and rationale number 20 (MB).

%i (a) Requfremenf 20. When the user changes the area of coverage
= displayed on the screen, user specified dynamic symbology in the new

& area of coverage must be automatically displayed on the new arez at the

appropriate map locations. This requirement applies if the new area is
a magnification of a small portion of the old area, if it includes all
or a portion of the old area, or if it does not include any portion of
the old area.

2

(b) Rationale. This aljows the user to go from one background
area to another without having to recreate the tactical situation display.

(2}) Requlirement and rationale number 2{ (MB).
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(a) Requirement 2i. Map backgrounds displayed on the console
screen must be fully legible under the ambient |ight specified in require-
ment 3 above for dynamic symbology legiblility. Full legibility is
defined as the ability of the operator to easily identify each and every
item of map data displayed.

(b) Rationale. A data item which is not legible is of no infor-
mational value,

(22) Requirement and rationale number 22 (MB).

(a) Requirement 22. The console operator should be able fo vary
the brightness ot each color representing a map feature (e.g., roads,
vegetation, rivers). He must, as a minimum, be able to vary the overall
brightness of the map background.

(b) Rationale. This capability, combined with the ability to
& independently vary the intensity of the dynamic symbology, allows the
user to concentrate on dynamic symbology or map data as desired.
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(23) Requirement and rationale number 23 (MB).

(a) Requirement 23, ldeally, the user should be able to obtain
the desired area of background coverage by providing the system with the
coordinates of any two diagonal corner points.

(b) Rationale. This allows the user to tailor the area to the
particular situation.

(24) Requirement and rationale number 24 (MB),

(a) Fequirement 24. The oparator must have the option of numbering
or otherwise identifying a map background area which he defines by two
diagonal corner points,

(b; Rationale. This allows the operator to conveniently recall
specific backgrounds.

(25) Requirement and rationale number 25 (MB).

(a) Requirement 25. ldeatly, the user should be able to tailor
the level of map detail to the situation by being able to display specific
map features (grid lines, roads, contours, rivers, etc.) individually,
or in combination, for the defined area of coverage. For each specific
map feature, the user should be able to select more or less detfa:l
(e.qg., grid lines I, 5, or 10 kilometers apart; primary roads only. or
primary and secondary roads; or contour intervals of 100, 200, or
500 meters),

(b) Rationale. This ability, along with the ability to specify a
map area of coverage by two diagonal corner points, permits the user to
tailor a map background for any situation.

NOTE: A state-of-the-art technique which can be employad to display map
data is the use of discrete on-line backgrounds, selectively retrievable,
which contain variation in both area of coverage and level of map detail.
Thia 45 not the optimum solution but may have to be accepted until
technology permits attainment of the ideal specified in requirements 23
and 25 above. |f discrete-on-iine backgrounds are employed, require-
ments 26 through 32 apply.

(26) Requirement and rationaie number 26 (MB).

(a) Requirement 26. The available backgrounds must be on-|ine and
retrievable within |5 seconds. The capability to retrieve and display
a background within 5 seconds is highly desiratle. Additionally, the
user must be able to add 1o or delete from the number of available
backgrounds.
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(b) Rationale. Raplid background changes provide flexibillity.
Fifteen seconds is the maximum time that a user can be expected to walt
without inconvenience for the retrieval of a background.

(27) Requirement and rationale number 27 (MB).

{a) Requirement 27. Registration of a new background (i.e.,
defining for the system the |imits of the area) must require the operator
to only pwint at and input the UTM coordinates of any two grid inter-
sections diagonaliy located in relation to each other. The background
musi not have to be exactly horizontal, vertical, or centered. Once
registered, the background must be avallable for display without re-
registration each time It is retrieved.

(b) Rationale. This provides the user maximum ease of use when
registering a discrete map background.

(28) Reguirement and rationale number 28 (MB).

(a) Requirement 28, Backgrounds to be used for display of “he
overall division situation must have an area of coverage no less than
50 kilometers by 50 kilometers,

(b) Rationale. The required area of coverage for portraying most
division tactical situations is at least 50 kilometers by 50 kiliometers.

O

(29) Requirement and rationale number 29 {MR).

(a) Requirement 29, The map data on maps usea for comprehension
of the overall situation (requirement |6) must be enhanced or highlighted.
Letters and numbers may have to be larger than those found on the standard
military topngraphic map.

D R R R O s L R

(b) Rationale. All detail on displayed map backgrounds must be
fully legible.

(300 Requirement and rationale number 30 (MB).

(3) Requirement 30, Backgrounds with selected combinations of map
detail are required.

ve

(b) Rationale. Maps with varying levels of map detall provide
flexibility.

(31) Requirement and rationale number 3| (MB).

(a) Requirement 31, Background coverage overlap must he provided.
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(b) Rationale. This allows for confinuity of background coverage
when changing background areas,

(32) Requirement and rationale number 32 (MB),

GG ARG R R e

(a) Requirement 32, Backgrounds which magnify smaller portions of
the 50-kilcometer by 50-kilometer backgrounds must be provided. A suffi-
cient number (four to nine may be sufficient depending upon the size of
the screen and the map area of coverage) of blowups shouid be available
so that the composite area of each 50-kilometer by 50-kilometer background
can be shown in magnified form. The blowups need not overlap but must
contain no less detail than that found on the :50,000 scaie topographic .
map. When the blowups are displayel, they must be fully legibie,

Lt rla R Dl g i e

(b) Rationale. These blowups provide the greater level of map
detaiil necessary for a more detailed inspection of the map background
data either with or without superimposed symbciogy.

(33) Requirement and rationale number 33 (TEU).

(a) Requirement 33, The console operator must be able to add,
delete, correct, move, and declutter (offset) any tactical situation
display data item., Instantaneous visua! feedback of the operator's
actions is required for all manipulations.

(b) Rationale. Without the ability fo manipulate data items, the
console would not be an interactive device. Console ease of use is
greatly enhanced by the instantaneous visual feedback of all manip-
ulations.

(34) Requirement and rationale number 34 (TEU).

(a) Requirement 34. The console operator must have some means for
positioning newly created or moved data items. There are two basic
methods for positioning a data item. One 1tethod i~ the use of a map 3
background to "eyeball"™ the desired location. This position is then .
indicated to the system by pointfing. The other method is by keyboard .
enfry of the coordinates. T[he console must give the operator the option
of using either method. The first method is generally used when the
exact location is not critical or when the position needs to be deter-
mined Through map inspection. Coordinate entry is used for those items
with specific coordinates. Coordinate entry must not require grid zone
designation (entry of grid zone designation should be optional)., Addi-
tionally, it must allow a 4-, 6~, or 8~digit entry depending upon oper-
ator preference. The map currently displayed can be used by the system
to interpret the coordinates entered by the operator.

e
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(b) Ratisnile. Operator interaction with a tactical situation
display requiies a means for positioning newly created or moved items,

Coordinate entry in accord with operator preference enhances system ease
of use.

(35) Requirement ard rationale 35 (TEU).

{a) Requirement 35, Some means for indicafing which item in the
display is to be deleted, corrected, moved, or deciuttered is required.
ihe preferred method is to polrt at the item. Ideally, the operator
should be able to indicate which item is to be manipulated by touching
it with his finger, provided the techriology, cost, and complexity of
implementation support this method. Other less desirable (but state-of-
the-art) methods for pointing are light pens and trackball- or joystick-
control led cursors.

(b) Rationele. Data menipulation requires a means for indicating
which data item i3 /o be mani .uiated.

(36) Reqiirement and rationale number 36 (TEU).

ta) Reqgu.rement 36. The system must lead the operator through
each ke, step of the operating pro.cadure. For example, if function
puc hbuttons are used, the systam cuuld be programed to light appropriate
pushouttons o show the operator nis choice of alternatives at each step
in ihe procedure. In this case, the pushbuttons should be in a color
selected to identify them as available alternatives and to differentiate
vhem from pushbuttons which are merely activated.

(b) Rationale. Thic feature reduces procedural errors and the
amount of instruction required for operctor fraining.

NOTE: The ti!lowing procedure requiremeats (requirements 37 through 54)
are presented a3 « gudde nathen than as ffinm requinements. The procedures
serve two purposes. The first purpose i¢ f¢ outline the {nteractive
capabilities that automated display systems must have 1> effectively
assist the user in meeting his informution <isplay requicemenis. The
second purpose is to illustrate the degree v4 s/mplicity 1hat eanh
procedure should have. The two primary tasicrs which must be considered
in the design of operating procedures are the czse with which the pro-
cedures can be learned and the ease with which tnay can be used. It
will be noted that the procedures use function pushbuttons. The pref-
erence for pushbuttons is not intended fo mean 1hat pushbuttons are to
be used for every step in each procedure preseqtad, 1n fact, the total
numbei of pushbuttons required may be excessive i+ pushbuttons are used
exclusively for the implementation of all the procndures presented.
Pushbuttons merely provide a convenient means of standardizing the
description of the procedures. A human engineering study is required to
determine the best design for incorporating the procedures to be used.
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